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Available online 21 June 2016The structural architecture of Alaska is the product of a complex history of deformation alongboth the Cordilleran
and Arctic margins of North America involving oceanic plates, subduction zones and strike-slip faults and with
continental elements of Laurentia, Baltica, and Siberia. We use geological constraints to assign regions of defor-
mation to 14 time intervals and to map their distributions in Alaska. Alaska can be divided into three domains
with differing deformational histories. Each domain includes a crustal fragment that originated near Early Paleo-
zoic Baltica. The Northern domain experienced the Early Cretaceous Brookian orogeny, an oceanic arc-continent
collision, followed bymid-Cretaceous extension. Early Cretaceous opening of the oceanic Canada Basin rifted the
orogen from the Canadian Arcticmargin, producing the bent trends of the orogen. The second (Southern) domain
consists of Neoproterozoic and younger crust of the amalgamated Peninsular-Wrangellia-Alexander arc terrane
and its paired Mesozoic accretionary prism facing the Paciﬁc Ocean basin. The third (Interior) domain, situated
between the ﬁrst two domains and roughly bounded by the Cenozoic dextral Denali and Tintina faults, includes
the large continental Yukon Composite and Farewell terranes having different Permian deformational episodes.
Although a shared deformation thatmightmark their juxtaposition by collisional processes is unrecognized, sed-
imentary linkage between the two terranes and depositional overlap of the boundary with the Northern domain
occurred by early Late Cretaceous. Late Late Cretaceous deformation is the ﬁrst deformation shared by all three
domains and correlates temporally with emplacement of the Southern domain against the remainder of Alaska.
Early Cenozoic shortening is mild across interior Alaska but is signiﬁcant in the Brooks Range, and correlates in
time with dextral faulting, ridge subduction and counter-clockwise rotation of southern Alaska. Late Cenozoic
shortening is signiﬁcant in southern Alaska inboard of the underthrusting Yakutat terrane at the Paciﬁc margin
and in northeastern Alaska.
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Terranes1. Introduction
Alaska, alongwith the Russian Far East, comprises a region of crustal
fragments wedged between the Siberia craton to the west and Lauren-
tian craton to the east (Fig. 1). Alaska also straddles an enigmatic geo-
logic boundary between the Cordilleran orogenic belt of western
North America and the deformational belts of the Arctic realm that ex-
tend from both the east and west into northern Alaska. As a result of
its location, the timing, nature, and style of deformation of Alaska has
outstanding importance to the history of assembly of the geologic archi-
tecture of the Arctic and North Paciﬁc regions.
In Mesozoic and earlier time, the present site of most of Alaska rela-
tive to Laurentia was occupied by oceanic plate(s) that lay outboard ofokane, USA.
@usgs.gov (S.E. Box).
ss article under the CC BY-NC-ND licthe Laurentian margin (for example, Plafker and Berg, 1994a;
Nokleberg et al., 2000; Colpron et al., 2006; Beranek et al., 2014). Begin-
ning no earlier than the Jurassic, crustal fragments of various origins
began to be assembled within the geographic area of present-day
Alaska. This assembly occurred via a complex interaction of convergent,
extensional, and translational processes that brought together crustal
fragments from the Arctic realm, from Laurentia, and from the paleo-
Paciﬁc. The tectonic growth of Alaska continues to the present day
through the convergent transfer of sedimentary materials due to the
underthrusting of the Paciﬁc plate in the Aleutian subduction zone. In
the northeastern part of this subduction zone, a collisional orogen is
forming where Yakutat crustal block is underthrusting the southern
margin of Alaska, forming the high Chugach-St. Elias Mountains and
the Alaska Range to the north (Plafker, 1987; Plafker et al., 1994b).
The underthrusting is manifest in the M 9.2 Anchorage earthquake of
1964 with 20 m of reverse slip (Plafker, 1969), whereas northward
translation of crustal blocks from the south along the North Americanense (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig. 1.Map showing locations and tectonic features of the Arctic and Cordillera discussed
in the text. Also illustrated are the left-slip and rotational models for opening of the
Amerasia basin (including the Canada basin); a thirdmodel proposes that northernAlaska
has remained ﬁxedwith respect toNorth America since the Paleozoic. Dashed yellow lines
show schematic migration pathways of terranes into Alaska: 1., Arctic Alaska; 2., Alexan-
der terrane; 3., Farewell terrane; 4., allochthonous rocks (YTa) of the Yukon-Tanana com-
posite terrane. Pathways 2, 3, and 4 share margin-parallel translation northward into
Alaska from sites of accretion in the Cordillera. Note that accurate renditions of migration
pathways require consideration of paleogeographic conﬁgurations not taken into account
on diagram. See text for discussion.
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quake with up to 8.8 m of right-lateral displacement (Haeussler et al.,
2004).
Evidence of the processes that deformed these crustal fragments
during their history prior to arrival in Alaska and those that are related
to their emplacement into their present relative positions should be
preserved in the deformational history of Alaska. Evidence of the subse-
quent deformational processes that consolidated the Alaskan landmass
should also be preserved. Although there have been a number of impor-
tant studies of these features in some parts of Alaska, there has not been
a rigorous descriptive assessment of the age, character, distribution and
kinematics of deformational structures across the state at a regional
scale.
This paper presents a series of time-slice maps that show the distri-
bution, deformational style and kinematics of contractional andpenetrative extensional deformational belts across Alaska north of
60°N. Ancillary maps that show the tectonostratigraphic terranes,
major fault systems, and Cretaceous and Cenozoic depositional basins
are also included for reference. We use thesemaps to review the spatial
and temporal progression of deformation within Alaska, and to discuss
the patterns of deformation to elucidate the record of the assembly of
the Alaskan landmass. We conclude that deformation in Alaska before
the Late Cretaceous can be assigned to three lineages: one that devel-
oped along the Arctic margin of Laurentia and affects northern Alaska,
a second that developed in the paleo-Paciﬁc and affects southern Alaska,
and a third that developed along and offshore of themargin of Laurentia
and affects interior Alaska. Subsequent deformation impacts all three
deformational domains, demonstrating the consolidation of Alaska oc-
curred by the late Late Cretaceous. Deformation in the Cenozoic has em-
anated from the active, southernmargin of Alaska and affected virtually
all of Alaska.
2. Approach and background
The maps in this report were compiled in preparation for construc-
tion of the Alaskan segment of the Tectonic Map of the Arctic (Petrov
et al., 2013). Themaps focus on delineating areas of contractional defor-
mation because contractional deformation has been a dominant but
commonly underappreciated tectonic process in the formation of Alas-
ka. We deﬁne deformed areas based on evidence of penetrative and
non-penetrative shortening, including penetrative fabric elements,
folds, and faults without regard to their style of deformation, depth to
detachment, or magnitude of displacement. Because of its fundamental
importance in Alaska, we have also outlined areas displaying extension-
al penetrative deformation. However, delineation of areas and timing of
brittle extensional deformation is outside the scope of this paper be-
cause of the difﬁculty in recognizing it onmany geologicmaps in Alaska.
This is commonly the result of burial of areaswith extensional deforma-
tion in sedimentary basins and, in some cases, because extensional
structures have been tectonically inverted during subsequent episodes
of deformation. Also neglected are areas where thermochronologic
data indicate that cooling has occurred during some period but where
geologic structures on which the exhumation developed are not recog-
nized. In some cases, such coolingmay be explained as plateau-style up-
lift, but lacking associated faults and folds, these types of uplifts are not
delineated in this study.
The narrow aerial expression of strike-slip faults preclude analysis in
the context of our time-slice maps except where they are accompanied
by broadly distributed transpressional and transtensional deformation.
Although critically important components of the deformational history,
strike-slip faults in Alaska and their displacement histories are incom-
pletely understood, despite constraints provided by a number of studies
(for example, St Amand, 1957; Grantz, 1966; Brogan et al., 1975; Lahr
and Plafker, 1980; Plafker and Berg, 1994a, 1994b; Nokleberg et al.,
1985; Nokleberg et al., 1994; Dover, 1994; Page et al., 1991, 1995;
Lowey, 1998; Haeussler et al., 2000; Gabrielse et al., 2006; Pavlis and
Roeske, 2007; Haeussler, 2008). Consequently, we have limited discus-
sion here to showing their locations on the time-slice maps and includ-
ing information about their timing and amount of displacement (where
known) where it is relevant to our study.
Many sources of evidence were used to delineate areas affected by
each deformation episode. The primary evidence used to construct the
time-slice maps comes from geologic maps and scientiﬁc reports, from
discussions with scientists who have studied the areas in question,
and from our own experience investigating the rocks of northern and
central Alaska (TM) and central, western and southern Alaska (SB).
The areal distributions of deformational episodes are based on the ob-
served extents of the deformational features in outcrops or wells, on
the continuity of the affected stratigraphy in outcrop and on the com-
patibility of the style and geometry of apparently correlative deforma-
tion. In some cases, judgment was used to extend the areas involved
135T.E. Moore, S.E. Box / Tectonophysics 691 (2016) 133–170in a deformation beyond the area of demonstrated age control or other
critical geologic information. Descriptions of the deformational epi-
sodes, evidence for their ages and distributions and kinematics, and per-
tinent references used in the study are listed by region inMoore andBox
(2016).
The base map used for the project is the 1:5 million-scale Geologic
Map of the Arctic (Harrison et al., 2011). For the most part, we have
assigned deformational episodes to lithologic units shown on this map
as geologic evidence dictates. Where deformation extends over broad
areas, all of the stratigraphic units of the same age as or older than the
age of deformation are interpreted as deformed (for example, plutonic
rocks cutting strata that are later folded). Further details about how
the maps were constructed are available in Moore and Box (2016).
The timescale employed in this project is that of Cohen et al. (2013)
(Fig. 2). For the purpose of classifying tectonic episodes in the Arctic,
geologic time was divided into 20 time intervals that correspond to
those used for the Tectonic Map of the Arctic. Of these time intervals,
our mapping of deformation in Alaska identiﬁed deformational events
during only 14 of the time intervals in Alaska. The time intervals for
which there are deformational episodes in Alaska are colored in Fig. 2;
time intervals lacking deformation are uncolored.
The area of our study is deﬁned on the east by the border between
the United States and Canada at W141° longitude and on the west by
the border between the United States and Russia that lies along
W168° 58′ 37″ north of the Bering Strait and trends southwestward
from Bering Strait across the Bering Sea to the south (Fig. 3). The south-
ern boundary of the study area is at N60° to agree with the southern
boundary of the Tectonic Map of the Arctic. The northern boundary
lies along the continental margin of Alaska in the Arctic Ocean.Oligocene
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Fig. 2. Timescale from Cohen et al. (2013) divided into 20 labeled time-slice intervals used
in this paper. Deformational episodes identiﬁed in Alaska are assigned to 14 of these time
intervals, colored according to their ages of deformation. Time intervals lacking known
deformational events are uncolored.A tectonostratigraphic terrane map of Alaska is shown in Fig. 4 for
reference. This mapwas simpliﬁed from the classic tectonostratigraphic
terrane map of Silberling et al. (1992) by combining smaller terranes
now known to have stratigraphic afﬁnity or continuity with larger adja-
cent terranes and by not including syn- and post-amalgamation sedi-
mentary cover. The cover strata are divided into separate basins in Fig.
5 and assigned to deformed and undeformed basin types by age. Fig. 5
illustrates that most Cretaceous basins, and some Cenozoic basins of
Alaska, have been structurally deformed.
For simplicity of presentation, the nomenclature for several terranes
has been modiﬁed in this paper. First, the Angayucham, Tozitna, and
Innoko terranes in interior Alaska are discussed as a single terrane, the
Angayucham-Tozitna-Innoko (ATI) terrane (Fig. 4), because all consist
of similar allochthonous assemblages of Late Paleozoic and Early Meso-
zoic oceanic rocks (for example, Moore et al., 1994a; Plafker and Berg,
1994a). Second, although the Alexander, Wrangellia, and Peninsular
terranes are retained as separate terranes on Fig. 4 and in the text, we
refer to all three terranes collectively as the Alexander-Wrangellia-
Peninsular composite terrane when discussing their post-
amalgamation tectonic history (for example, Nokleberg et al., 1994;
Plafker et al., 1994b; Gehrels and Berg, 1994). Third, to avoid confusion
across the U.S.-Canada border, we have followed Dusel-Bacon and
Williams (2009) in dividing the Yukon-Tanana terrane into structurally
lower and higher parts (Fig. 4). The structurally lower part is termed the
parautochonous Yukon-Tanana terrane (YTp) because it consists of
rocks, although translated along the Tintina fault, interpreted to com-
pose part of ancestral North America (Colpron et al., 2006). The struc-
turally higher part of the terrane is termed the allochthonous Yukon-
Tanana terrane (YTa) because it encompasses rocks considered to be al-
lochthonous relative to YTp due to collisional deformation associated
with Permian Klondike orogeny in the Yukon Territory (Beranek and
Mortensen, 2011). Unfortunately, the terminology of Colpron et al.
(2006),whichhas beenwidely adopted byCanadiangeologists, restricts
the term “Yukon-Tanana terrane” to only the structurally higher part of
the terrane, whereas Alaskan geologists still use the original deﬁnition
of the terrane from Silberling et al. (1992), which refers to both the
structurally lower and higher parts. In this paper to avoid confusion,
we employ the term “Yukon Composite terrane” (Plafker and Berg,
1994a) to indicate all parts of the terrane, especially for discussions of
its younger deformational history.
3. Time-slice maps
Figs. 6–17 present time-slicemaps showing the nature and extent of
contractional and penetrative extensional deformation in Alaska. Each
time-slice map depicts areas of similar deformational style that have
been generalized from the polygon compilation maps in Moore and
Box (2016) by interpolating through areas covered by thin younger
units and(or) separated by younger magmatic bodies. Also included in
the ﬁgures are arrows indicating the contractional and penetrative ex-
tensional transport direction (single-headed) or orientation of contrac-
tion or penetrative extension (double-headed) at locations where
evidence is available. Kinematic indicators used to determine the direc-
tion of structural transport are primarily based on the orientation and
asymmetry of folds in published geologic maps, but also include shear
sense indicators from published outcrop and microfabric studies. De-
tailed information about each locality is given inMoore and Box (2016).
The structural styles used to characterize the deformation on the
maps are as follows: (1) thin-skinned thrust style, where deformation
consists dominantly of thrust faults contained in a concordant, original-
ly ﬂat-lying sedimentary cover succession; (2) thin-skinned fold style,
where deformation consists dominantly of folds developed in a concor-
dant, originally ﬂat-lying sedimentary cover succession; (3) thick-
skinned thrust style, where deformation consists mainly of thrust faults
that involve basement as well as sedimentary cover rocks, with base-
ment deﬁned as underlying crystalline rocks or previously deformed
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136 T.E. Moore, S.E. Box / Tectonophysics 691 (2016) 133–170sedimentary or metasedimentary successions; (4) thick-skinned fold
style, where deformation consistsmainly of folds that involve basement
and well as sedimentary cover rocks, with basement deﬁned as above;
(5) accretionary sedimentary style, where deformation consists mainly
of imbricate or inhomogeneous thrusting, typically developed in water
saturated clastic lithologies and olistostromal units; (6) accretionary ig-
neous style,where deformation consists of imbricate or inhomogeneous
thrusting ofmainly oceanic igneous rocks and chert; (7) transpressional
thrust style, where thrusting is oblique and(or) can be resolved into
mappable contractional and strike-slip components; (8) transpressional
fold style, where folding is oblique and(or) can be resolved intomappa-
ble contractional and strike-slip components; (9) penetrative contrac-
tional style in metamorphic rocks with pervasive planar and(or) linear
fabric elements; (10) penetrative extensional style in metamorphic
rocks with pervasive planar and(or) linear extensional fabric elements;
(11) other structural style, where deformation is different from the
above; and (12) uncertain deformational style, where the style has
not been determined.
In the section below, we provide summaries for the deformational
belts present in each of the time-slice periods, highlight key aspects of
the deformation, and note the geologic and tectonic settings in which
the deformation occurred.
3.1. P1 time-slice: Paleoproterozoic (2.5–1.6 Ga) deformation
The earliest dated deformation (P1) within Alaska is recorded in
penetratively deformed amphibolite-facies metasedimentary rocks
with metamorphic ages near 1.75 Ga in the southern (Kanektok) and
northern (Idono) complexes or subterranes of the Kilbuck terrane in
southwest Alaska (Turner et al., 2009) (Fig. 6). Little is known of thestructural geology of these rock fabrics. Older igneous rocks within
these complexes have isotopic evidence for incorporation of underlying
Archean crustal rocks (Box et al., 1990;Miller et al., 1991). Some authors
have argued that these complexes were originally contiguous but were
later separated by Cretaceous dextral strike-slip faulting (Box et al.,
1990; Miller et al., 1991). Bradley et al. (2014) presented evidence
that these metamorphic complexes originated as part of the crustal
basement of the much more widespread Farewell terrane (Fig. 4).
3.2. P2 time-slice: Mesoproterozoic (1.6–1.0 Ga) deformation
P2 deformation (1.6–1.0 Ga) is known from penetratively deformed
amphibolite-facies metasedimentary rocks in the Kanektok and Idono
complexes (Kilbuck terrane) in southwest Alaska, and from
penetratively deformed amphibolite-facies metasedimentary rocks in
basement rocks underlying the Paleozoic section of the Farewell terrane
in the northern KuskokwimMountains (Fig. 6). Turner et al. (2009) and
Bradley et al. (2014) reported metamorphic amphibole 40Ar/39Ar ages
between 1.2 and 1.0 Ga in each of these complexes. Little is known of
the structural geology of their rock fabrics. Bradley et al. (2014) present-
ed evidence that thesemetamorphic complexes originated as part of the
crustal basement of the much more widespread Farewell terrane
(Fig. 4).
3.3. P3 time-slice: Neoproterozoic (1000–541 Ma) deformation
P3 deformation (1000–541 Ma) is recorded in penetratively de-
formed greenschist facies metamorphic rocks unconformably underly-
ing Ordovician carbonate rocks of the Farewell terrane in the northern
Kuskokwim Mountains (Fig. 6). Bradley et al. (2003a, 2014) reported
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these rocks. Little is known of their structural geology or rock fabric
kinematics.
Neoproterozoic deformation has also been noted from the core of
the Nanielik antiform in the southwestern Brooks Range, where
penetratively deformed amphibolite and continental metasedimentary
rocks yield metamorphic white mica 40Ar/39Ar ages of 680 to 730 Ma
(Till et al., 2008). However, these rocks are reported to be intruded by
post-tectonic granitic rocks having U-Pb zircon ages of 750 ± 6 Ma
(Karl et al., 1989), implying an older age for the deformation. The defor-
mation in this area is the oldest known in northern Alaska, but its signif-
icance is uncertain because of questions about its exact age, extent and
paleogeographic position prior to subsequentMesozoic tectonic events.
3.4. EP3 time-slice: Silurian to Middle Devonian (444–383 Ma)
deformation
The oldest Phanerozoic deformation recognized in Alaska is themid-
dle Paleozoic (EP3) deformation found in the Romanzof orogen (Lane,
2007) of northern Alaska. Deformation of this age may also be present
in the Livengood terrane in central and east-central Alaska (Fig. 7).
In northern Alaska, the Romanzof orogen deformation is recognized
beneath the sub-Mississippian unconformity in autochthonous and
parautochthonous structural settings of the Mesozoic and Cenozoic
Brookian orogenic belt. It is recognized in seismic data beneath the
Cretaceous Colville basin and the continental shelf to the north. Thedeformational fabrics are well exposed in the northeastern Brooks
Range, where north-directed semi-penetrative to penetrative fabrics
with low greenschist mineral assemblages are found in Early Devonian
and older rocks. This deformation produced north-vergent thrust faults
with tight to isoclinal folds and slaty cleavage in argillaceous rocks and a
spaced cleavage in sandstones (Lane et al., 1995; Lane, 2007). The
Paleozoic structures are clearly truncated by the Okpilak batholith,
which has yielded a latest Devonian (~360Ma) U-Pb age (T. Moore, un-
published data; Lane, 2007), and by the younger sub-Mississippian un-
conformity (Reiser et al., 1980). These relations place ﬁrm younger age
limits on the deformation. The age of the deformation may be more
tightly constrained by Eifelian (early Middle Devonian) rift-basin sedi-
ments (Popov et al., 1994) that are interpreted as resting unconform-
ably on deformed strata as young as Emsian (late Early Devonian) in
age (Anderson, 1991; Anderson et al., 1992). This relation, however, is
only inferred from the contrasting stratigraphies of adjacent Paleogene
(late Brookian) thrust imbricates. Because of the uncertainty of the
age of this deformation,we simply refer to the Romanzof orogen as “De-
vonian” in this paper.
In contrast to the isoclinal folding and semi-penetrative fabrics in the
northeastern Brooks Range, rocks beneath the regional sub-
Mississippian unconformity in the Mt. Doonerak window in the central
Brooks Range are tilted and display, at most, weak early Paleozoic fab-
rics (Dutro et al., 1976; Julian and Oldow, 1998). Tilted early Paleozoic
greywacke turbidites beneath the regional sub-Mississippian unconfor-
mity in the Lisburne Peninsula (western Brooks Range) display
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age that indicate generally north-vergent kinematics. These rocks are
juxtaposed against tilted Ordovician graptolitic shales at a relatively
younger Silurian or Devonian south-dipping extensional fault (Moore
et al., 2002). Mapping is poor in this area, however, and it remains pos-
sible that the folding and extensional faulting may alternately be
interpreted as Early Cretaceous (early Brookian) and Paleogene,
respectively.
In the Livengood terrane, amaﬁc and ultramaﬁc complex composing
the lower part of an ophiolite of Neoproterozoic or Cambrian age is
thrust onto a continental geologic section composed of Neoproterozoic
to Silurian carbonate rocks and chert (Amy Creek Dolomite, Livengood
Dome Chert, Lost Hills unit ofWeber et al. (1992)). Both sections are un-
conformably overlain by a coarse-grained clastic succession (Middle
Devonian Cascadin Ridge and similar Devonian units of Weber et al.
(1992)) that may represent a post-tectonic overlap succession. Alterna-
tively, the angular relations could be explained as a highly extended
Early Paleozoic continental margin succession (Plafker and Berg,
1994a) that was depositionally overlapped by the Devonian clastic
units and later inverted by thrusting during LM2 time.
3.5. LP3 time-slice: Pennsylvanian (323–299 Ma) deformation
Pennsylvanian (LP3) deformation in Alaska is restricted to a small
area in the southeast of the map area (Fig. 8) within the Alexander ter-
rane. Little is known of this deformation in Alaska beyond the map de-
scription of the unit (MacKevett, 1978). The deformed unit has
yielded fossils as young asMississippian, and cross-cutting granitic plu-
tons have yielded Late Pennsylvanian ages (309 ± 5 Ma, Gardner et al.,
1988; 307±4Ma, Beranek et al., 2014). The deformed rocks are foliatedmetasedimentary greenschist and locally amphibolite-facies metamor-
phic rocks with evidence of folded schistosity. This deformation may
correlate with deformation dated at ~315–307 Ma by Beranek et al.
(2014) in the Alexander terrane in the Yukon. They interpreted this de-
formation as recording the collisional amalgamation of the Alexander
and Wrangellia terranes.
3.6. LP4 time-slice: Permian (299–252 Ma) deformation
Permian (LP4) deformation affected the entire Farewell terrane
across central Alaska, the Tikchik terrane in southwest Alaska, and the
upper structural plate of the Yukon Composite terrane in east–central
Alaska (Fig. 9).
Bradley et al. (2003a, 2014) termed the Permian deformation of the
Farewell terrane the Browns Fork orogeny. They documented the
orogen in the northern part of the terrane from metamorphic fabrics
that overprint both Proterozoic greenschist facies rocks and Paleozoic
marbles that overlie them and obtained 40Ar/39Ar metamorphic mica
ages of 284–285 Ma from the deformed rocks. These rocks occur be-
neath an unconformity, which is overlain by Permian conglomeratic
strata containing clasts of Farewell Paleozoic detrituswith deformation-
al fabrics. In the southern part of the terrane, a Permian conglomeratic
basin-ﬁll sequence containing deformed Farewell Paleozoic detritus
may represent the foreland basin to the orogenic belt (Bradley et al.,
2003a).
The Tikchik terrane (Hoare and Coonrad, 1978) consists of a Paleo-
zoic clastic melange and an associated Pennsylvanian-Mississippian
oceanic arc complex to the west (Box et al., 2015) that are unconform-
ably overlain by middle Permian conglomeratic strata. The clastic mé-
lange has northeast structural vergence and dominantly Precambrian
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139T.E. Moore, S.E. Box / Tectonophysics 691 (2016) 133–170detrital zircon signatures similar to those in Farewell terrane strata. Box
et al. (2015) interpreted the arc and melange as a genetically related
arc-trench system.
The Late Permian Klondike orogeny (Beranek andMortensen, 2011)
is recognized in the Yukon Territory of Canada near the international
border and probably extends into eastern Alaska, where pre-latest Tri-
assic (N212Ma) deformation has been recognized in the allochthonous,
structurally higher part of the Yukon Composite terrane (YTa) (Hansen,
1990; Pavlis et al., 1993; Hansen and Dusel-Bacon, 1998; Dusel-Bacon
et al., 2002) (Fig. 9). In Alaska, the YTa is composed of a metamorphic
assemblage that consists of amphibolite facies metasedimentary and
metavolcanic rocks, marble, and granodioritic to tonalitic orthogneiss
of Early Mississippian age (Dusel-Bacon et al., 2013, 2015). The maﬁc
and ultramaﬁc Seventymile terrane, correlativewith the SlideMountain
terrane in the Yukon (Hansen, 1990; Hansen and Dusel-Bacon, 1998), is
also allochthonous on the YTp. Both the Seventymile and Slide Moun-
tain terranes have been interpreted as oceanic crust (Seventymile-
Slide Mountain ocean) and basinal sediments that were emplaced into
a continentward-facing accretionary prism, outboard of the margin of
North America in the late Paleozoic (Tempelman-Kluit, 1979; Hansen,
1990; Dusel-Bacon et al., 1995, 2006).
In Alaska, the deformation produced penetrative metamorphic fab-
rics in the YTa with kinematic features indicating northeastward struc-
tural vergence prior to intrusion of Triassic granitic plutons (Hansen and
Dusel-Bacon, 1998; Dusel-Bacon et al., 2015) (Fig. 9). The Seventymile
terrane, however, is generally not penetratively deformed except
along its basal contact (Pavlis et al., 1993; Hansen and Dusel-Bacon,
1998). Kinematic indicators along this contact also verge to the north-
east and are attributed to emplacement of these rocks onto Ytp
(Hansen, 1990; Pavlis et al., 1993; Hansen and Dusel-Bacon, 1998).Permian deformational fabrics, however, have not been recognized in
the Ytp (Dusel-Bacon and Williams, 2009), although such fabrics
might not be recognized because of intense episodes of overprinting de-
formation in the Jurassic and Cretaceous (see below).
Poorly dated eclogitic metabasites in the Chatanika klippe near Fair-
banks (Fig. 9, YTc) display kinematic indicators indicating northeast
vergence, which may suggest the eclogites were formed during the
pre-latest Triassic deformational event. If this is correct, the klippe
may represent either (1) an imbricated assemblage of metabasalts de-
veloped within the YTp and thus provide evidence for subduction of
YTp or (2) isolated remnants of an allochthonous subduction assem-
blage that was emplaced with the YTa onto the YTp (for example, the
Seventymile terrane) and thus formed during the pre-latest Triassic de-
formational event (Pavlis et al., 1993; Dusel-Bacon et al., 2006).
3.7. EM2 time-slice: early Early (Hettangian) Jurassic to earlyMiddle Juras-
sic (Aalenian) (201–170 Ma) deformation
Early Jurassic (201–170 Ma, EM2) deformation affects the entire
Yukon Composite terrane of east-central Alaska, the Peninsular terrane
in the TalkeetnaMountains, the Chugach terrane in the ChugachMoun-
tains of southeast and south-central Alaska, and the Koyukuk terrane in
west-central Alaska (Fig. 10).
The entire Yukon Composite terrane (YTa, YTp, YTc; ﬁg. 10)was sub-
jected to intense and pervasive ductile penetrative deformation in the
Early Jurassic under greenschist to amphibolite facies conditions at in-
termediate to high pressure and crustal depths estimated to be
N15 km (Dusel-Bacon et al., 1995, 2002, 2009; Day et al., 2002). The
Early Jurassic deformation was accompanied by widespread
synkinematic Early Jurassic granitic magmatism (Hansen and Dusel-
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140 T.E. Moore, S.E. Box / Tectonophysics 691 (2016) 133–170Bacon, 1998). The deformation displays top-to-the-northwest, orogen-
parallel kinematics, suggesting it was caused by shortening that was
oblique to the continental margin (Hansen and Dusel-Bacon, 1998).
In the Chugach Mountains just south of the Border Ranges fault,
sparse slivers of Early Jurassic highpressure/low temperaturemetamor-
phic rocks (the Iceberg Lake schist, Fig. 10) provide the earliest evidence
of subduction beneath the southern margin of the Peninsular (arc) ter-
rane and document the earliest phase of accretion in the Chugach accre-
tionary prism (Forbes and Lanphere, 1973; Sisson and Onstott, 1986;
Plafker et al., 1989, 1994a; Roeske et al., 1989; Nokleberg et al., 1989;
Pavlis and Roeske, 2007). Uplift of the blueschist-facies metamorphic
rocks in the forearc, development of a prominent sub-Middle Jurassic
angular unconformity north of the Border Ranges fault in the Peninsular
terrane (Trop et al., 2005), and cooling of the deeper roots of the Penin-
sular arc (Hacker et al., 2011) were linked by Clift et al. (2005) to an ep-
isode of late Early Jurassic tectonic erosion in the forearc of the
Peninsular terrane, which may have ended the initial episode of high
pressure/low temperature metamorphism and deformation in the na-
scent Chugach accretionary complex. Grantz (1960) indicated that
Early Jurassic volcanogenic rocks below the unconformity are deformed
into folds and faults, but little is known about the structural style and ki-
nematics of the deformation.
In western Alaska within the Koyukuk arc terrane, altered Late
Triassic-Early Jurassic(?) basalts are cut by locally mylonitic internal
shear zones and by fault-bounded packages of folded chert, that are
cross-cut by post-tectonic Middle and Late Jurassic granitic arc plutons
(Box and Patton, 1989; Patton and Moll-Stalcup, 1996). Little is known
about the kinematics of this deformational episode and whether thisdeformation predates the birth of the oceanic arc or follows earlier arc
magmatism.
3.8. EM3 time-slice: middleMiddle Jurassic (Bathonian) to late Late Jurassic
(Tithonian) (170–145 Ma) deformation
Middle and Late Jurassic (EM3) deformation is recorded within the
widespread Angayucham-Tozitna-Innoko (ATI) terrane of northern
and central Alaska and within the Wrangellia and Peninsular terranes
in southern Alaska (Fig. 11).
The ATI terrane (Fig. 4) consists of imbricated thrust slices of Devo-
nian to Early Jurassic ocean island and plateau metabasalt, gabbro,
chert and limestone. These rocks are allochthonous on pelitic and
quartz-rich schists of the Arctic Alaska and Ruby terranes and sedimen-
tary rocks of theNorth Americanmargin (Jones et al., 1986; Barker et al.,
1988; Pallister et al., 1989; Patton and Box, 1989). Also included in this
terrane arewidely dispersed, but volumetricallyminor, maﬁc and ultra-
maﬁc rocks that compose supra-subduction zone ophiolitic klippen
thrust onto the basalt-chert assemblages (Loney and Himmelberg,
1989; Patton et al., 1994a; Harris, 2004). The basal contacts of the
ophiolites consist of thin zones of amphibolitic schist and tectonite
that yield 164–170 Ma 40Ar/39Ar ages (Boak et al., 1987; Harris, 1998;
Ghent et al., 2001). Thrust imbrication within the underlying basalt-
chert assemblage (Pallister et al., 1989) is also inferred to date from
this Late Jurassic (EM3) time interval (Patton and Box, 1989; Moore
et al., 1994b). Metamorphic fabrics indicate northwestward structural
vergence for the Misheguk Mountain and Avan ophiolitic klippen in
thewestern Brooks Range (Harris, 2004). Elsewhere vergence direction
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141T.E. Moore, S.E. Box / Tectonophysics 691 (2016) 133–170has not been documented. Patton and Box (1989) and Patton et al.
(2009) interpreted the schist and tectonite as representing a paleo-
subduction zone between the deep crustal part of the Koyukuk arc ter-
rane and accreted oceanic plate rocks in an accretionary prism com-
posed of metabasalt and chert.
The southern Wrangellia terrane is marked by a deformational belt
that extends westward over 300 km from the Canadian border to the
Talkeetna Mountains (Gardner et al., 1986). This belt parallels a major
zone of reverse faulting that continues for 500 km farther southwest
in the northern Peninsular terrane. Along the northern margin of this
belt in the Wrangell Mountains is the northeast-vergent Chitina fold-
and-thrust belt, whose detachment descends from Jurassic strata in
the north into upper Paleozoic strata to the south (Trop et al., 2002).
The fold-and-thrust belt is erosionally overlain by Lower Cretaceous
(Hauterivian) strata on an angular unconformity, which provides amin-
imum age for the deformation (MacKevett, 1978; Plafker et al., 1989;
Trop et al., 2002). However, Trop et al. (2002) described Upper Jurassic
syntectonic deposits in the thrust belt, whichwe accept as evidence that
the thrusting was Late Jurassic.
To the south, the thrusts descend southward beneath the Strelna
metamorphic complex, which may constitute the metamorphic hinter-
land for the thrust belt. Deformation in the Strelna complex is inhomo-
geneous, including locally penetrative deformation and complex folds
of bedding (Plafker et al., 1989; Nokleberg et al., 1994). Foliated,
orogen-parallel granitic plutons intrude the belt, indicating a
synkinematic relation with the deformation (Nokleberg et al., 1989,
1994). These plutons yield 160–140 Ma emplacement ages
(MacKevett, 1978; Plafker et al., 1989).
The Strelna is bounded on the south by the Jurassic to Cenozoic Bor-
der Ranges fault but diverges northwestward from the Border Rangesfault under the Copper River basin and continues into the northern
Talkeetna Mountains where it is called the metamorphic complex of
Gulkana River (Nokleberg et al., 1994). These rocks are folded and con-
tain locally mylonitic schistosity that is east trending and steeply dip-
ping (Csejtey et al., 1978; Nokleberg et al., 1994). As with the Strelna
complex, the Gulkana River complex is intruded by foliated,
synkinematic plutons that yield U-Pb crystallization ages of 148–
158 Ma (Rioux et al., 2007). Although shown by Silberling et al.
(1992) as Peninsular terrane (ﬁgs. 4 and 6-17), the southwestern extent
of this deformational belt has been re-interpreted to be part of the
Wrangellia terrane by Glen et al. (2007). A north-vergent thrust belt
similar to the Chitina fold-and-thrust belt has not been recognized
north of the Gulkana River metamorphic complex in the Talkeetna
Mountains, possibly because of a deeper level of erosion there.
Contraction within the Peninsular terrane during this interval is re-
corded by motion along the N500 km long, arc-parallel, southeast-
vergent Bruin Bay-Little Oshetna reverse fault (Trop et al., 2005). This
fault bounds the northwestern margin of syntectonic Upper Jurassic
sedimentary deposits (including the Naknek Formation) that are
thought to have been deposited in a southeast-facing forearc basin
(Trop et al., 2005).
3.9. LM1 time-slice: early Early (Berriasian) to late Early Cretaceous
(Aptian) (145–113 Ma) deformation
Early Cretaceous LM1 contractional deformation is found in the east-
west trending, 1000-km long ancestral Brooks Range, the northwest-
trending Wrangel-Herald arch in the Lisburne Peninsula of northwest-
ern Alaska, and a north-south trending thrust belt in thewestern Ogilvie
Mountains near the U.S.-Canada border in east central Alaska (Fig. 12).
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142 T.E. Moore, S.E. Box / Tectonophysics 691 (2016) 133–170Rocks with metamorphic fabrics developed at this time are widespread
in the Seward Peninsula, southern Brooks Range, and the Kuskokwim,
Kaiyuh and Ray Mountains and the Kokrines Hills (Ruby structural
high) (Fig. 12). LM1 deformation is also recordedmore locally in south-
ern Alaska, including within the Goodnews and Kilbuck terranes in the
Ahklun Mountains, the Wrangellia terrane and Nutzotin basin in the
Alaska Range, and within the McHugh Complex in the Chugach Moun-
tains on the east side of Cook Inlet.
In the Brooks Range, early Brookian deformation produced a north-
directed fold-and-thrust belt that features a series of far-traveled
allochthons of sedimentary strata in the northern Brooks Range (Mull,
1985; Mull et al., 1987, 1997; Mayﬁeld et al., 1988; Moore et al.,
1994b; De Vera et al., 2004). A penetratively deformed, high-pressure/
low temperature metamorphic belt in the southern Brooks Range and
Seward Peninsula composes the hinterland of the orogen (Armstrong
et al., 1986; Hitzman et al., 1986; Till et al., 1988; Gottschalk, 1990;
Moore et al., 1994b, 1997; Till and Snee, 1995; Hannula and
McWilliams, 1995). Early Brookian folds and thrust faults in the foreland
fold-and-thrust belt show northward tectonic transport (Fig. 12). The
ductilely deformed rocks in the southern Brooks Range (the “schist
belt”) and Seward Peninsula contain early lineations, asymmetric to
isoclinal folds, and microstructures that also indicate north-vergent
shortening (Patrick, 1988; Gottschalk, 1990; Vogl, 2003). Stratigraphic
relations indicate the deformation began close to the Jurassic-
Cretaceous boundary (Mayﬁeld et al., 1988; Moore et al., 2015).
Thrust-related deformation in the foreland probably ended in the
Aptian (Mull, 1985; Till, 2016). The timing of the high-pressure meta-
morphism and deformation has proven difﬁcult to accurately date,
yielding complex 40Ar/39Ar ages between ~142 and ~120 Ma(Christiansen and Snee, 1994; Gottschalk and Snee, 1998; Till and
Snee, 1995). The presence of the blueschist-facies assemblages in conti-
nental rocks in the hinterland, and of ophiolite as the highest allochthon
suggests that early Brookian deformation resulted from subduction of a
south-facing continental margin beneath the oceanic Koyukuk volcanic
arc terrane to the south (Box, 1985; Moore et al., 1994b).
The east-vergent kinematics in the imbricate thrust belt in the
Lisburne Peninsula at the extreme west end of the Brooks Range con-
trasts sharply with the northward vergence of the main part of the
Brookian thrust belt (Fig. 12). Apatite ﬁssion track ages of ~115 Ma
from this area are consistent with early Brookian thrusting (Moore
et al., 2002). The abrupt synorogenic curvature between the western
Brooks Range and the Lisburne Peninsula (the Chukchi syntaxis of
Tailleur and Brosgé, 1970; Patton and Tailleur, 1977) may be due of an
east-to-west change to thicker continental crust beneath the Chukchi
Platform in the Chuckchi Sea west of northern Alaska (Moore et al.,
2002; Amato et al., 2004).
Like the Brooks Range to the north, the Ruby terrane is structurally
overlain by rocks of the ATI terrane along the northeast-trending Ruby
structural high (Fig. 12). The Ruby terrane consists of ductilely de-
formed schists of continental composition similar to those of the schist
belt in the southern Brooks Range but lacks an associated fold-and-
thrust belt like that in the northern Brooks Range. In the Kokrines
Hills, the Ruby terrane contains prograde high-pressure/low tempera-
ture mineral assemblages that have yielded 40Ar/39Ar ages of ~144 to
~121 Ma (Roeske et al., 1995; Freeman et al., 2014). Early Cretaceous
(LM1) deformation in this area is northwest-directed based on kine-
matics of the fabrics associated with the metamorphism (Fig 12;
Roeske et al., 1995; Dover, 1994).
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143T.E. Moore, S.E. Box / Tectonophysics 691 (2016) 133–170Early Cretaceous deformation in thewestern OgilvieMountains near
the Canadian border in east-central Alaska is recorded by southeast-
directed thrust sheets of outer continental margin strata as young as
Early Cretaceous that form the Porcupine terrane. These thrust sheets
are capped by a poorly exposed west-dipping thrust sheet consisting
of maﬁc rocks of the ATI terrane (Woodchopper Volcanics) (Churkin
et al., 1982; Rohr et al., 2008). These rocks probably extend beneath
the Late Cretaceous(?) and Cenozoic Yukon Flats basin to the west
(Till et al., 2006). To the east of these thrust sheets, a northeast-
trending late Early Cretaceous sedimentary basin (Kandik River se-
quence) developed on an autochthonous succession of North
American craton rocks. Based on its position and age, this basin appears
to comprise the foreland basin of the orogen (Johnsson, 2000). The age
and continentward thrusting onto cratonal rocks of North America sug-
gests these structures formed on the northwestern margin of North
America and may be correlative with Early Cretaceous deformation in
the Brooks Range (Dover, 1994; Johnsson, 2000).
In the AhklunMountains of southwest Alaska, Early Cretaceous low-
grade penetrative greenschist-facies metamorphic assemblages with
uncertain kinematics overprint older metamorphic fabrics in the
Kilbuck terrane. The metamorphic assemblages have yielded a U-Pb
age of 139 Ma on a rim of metamorphic zircon and 40Ar/39Ar ages of
134–135 Ma on metamorphic biotite (Bradley et al., 2014).
Penetratively deformed rockswith greenschist-blueschistmetamorphic
assemblages with uncertain kinematics in the adjacent Goodnews ter-
rane are loosely dated at 146 Ma by amphibole K-Ar dating (Box et al.,
1993). Early Cretaceous (LM1) fabrics in both terranes are interpreted
to have resulted from southeastward underthrusting of the continental
Kilbuck terrane beneath the Goodnews terrane, which is interpreted tobe the accretionary forearc to the adjacent Togiak intraoceanic arc ter-
rane (Box et al., 1990).
In the northernWrangell Mountains, Lower Cretaceous strata of the
Nutzotin basin are deformed by southwest-vergent Early Cretaceous
folds and thrust faults. These structures are cut by post-tectonic plutons
with K-Ar ages from117 to 105Ma (Richter et al., 1975;Manuszak et al.,
2007), providing a minimum age for the thrusting. The Nutzotin basin
strata are separated fromolder continental rocks (Yukon Composite ter-
rane) by the Cenozoic Denali fault, so whether this LM1 deformation
represents the initial collision of the Alexander-Wrangellia-Peninsular
terranewithNorth America or some other tectonic episode is uncertain.
North-directed subduction along and south of the Border Ranges
fault (Pavlis and Roeske, 2007) in the Early Cretaceous resulted in con-
tinued assembly of the accretionary prism that composes the Chugach
terrane. On the basis of detrital zircon ages, Amato et al. (2013) reported
that a narrow inner part of subduction assemblage (Potter Creek assem-
blage of McHugh complex)was accreted to the forearc during the latest
Jurassic and Early Cretaceous andwas affected by tectonic erosion asso-
ciated with subduction of a spreading ridge at ~125 Ma. Together, the
accretion and ridge subduction events resulted in inhomogeneous fab-
rics, disharmonic folding, broken formation and locally ductile deforma-
tion of the Potter Creek assemblage (Pavlis et al., 1988; Amato and
Pavlis, 2010; Labrado et al., 2015). The timing of this deformation is
constrained by the maximum depositional age from detrital zircons of
b156–169Ma from the Potter Creek and the time of trondhjemite intru-
sion generated by ridge subduction at 125Ma (Amato et al., 2013). Day
et al. (2011) reported evidence that the penetrative fabric of the Liberty
Creek blueschist to the east (Fig. 12) is Early Cretaceous and younger
than its detrital zircon maximum depositional age of 137 Ma.
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144 T.E. Moore, S.E. Box / Tectonophysics 691 (2016) 133–1703.10. LM2 time-slice: late Early Cretaceous (Albian) to early Late
Cretaceous (Coniacian) (113–86 Ma) deformation
Time interval LM2 covers the middle Cretaceous from the Albian to
the Coniacian (113–86 Ma) and is represented by areas that display
brittle contractional deformation, whereas others display widespread
penetrative extensional deformation. To distinguish between these dis-
tinctive episodes of deformation, their distributions are shownwith dif-
ferent colors in Fig. 13 and their characteristics discussed separately
below.3.10.1. Contractional deformation during LM2 time-slice
Contractional deformation of middle Cretaceous age is recognized in
the southern Brooks Range in northern Alaska, western Ogilvie Moun-
tains in east-central Alaska, and the southern Alaska accretionary com-
plex in southern Alaska (Fig. 13).
Although middle Cretaceous deformation in the metamorphic hin-
terland of the Brooks Range is dominantly extensional (see below),
south-vergent contractional deformation has been reported from a re-
gional culmination in the Arrigetch Peaks area that exposes the deepest
parts of the central Brooks Range (Fig. 13). Mull (1978) noted apparent
regional south-vergent folding and thrusting of metamorphic layering
and Vogl (2002) described mesoscopic folds, penetrative schistosity,
and a regional nappe that support crustal-scale back folding and thrust-
ing. Timing of the back folding is constrained between ~112–103 Ma
(early to middle Albian) by 40Ar/39Ar dating of mica and hornblende
fromolder early Brookian contractional fabrics and fromyounger exten-
sional fabrics (Vogl, 2002; Vogl et al., 2002). Vogl (2002), however,noted that the south-vergent contractional fabrics are difﬁcult to distin-
guish from extensional fabrics and that the mechanical inﬂuence of
large Devonian granitic batholiths on deformation in this area is un-
known (Vogl, 2002). Working in an adjacent area to the west, Toro
et al. (2002) did not report evidence of the back folding. To the east,
Avé Lallemant and Oldow (1998) attributed mesoscopic south-
vergent folds to antithetic shear emanating from a subsurface ramp as-
sociated with development of the Early Cenozoic (C1) Mt. Doonerak
antiform.
In the Chugach terrane just south of the Border Ranges fault, thrust
slices of basalt, chert and clastic strata (McHugh Creek assemblage of
Amato et al. (2013)) were accreted from ~101–91 Ma against the Pen-
insular terrane to the north (Amato et al., 2013). These lithologies are
interpreted as offscraped fragments of oceanic crust and overlying sed-
iment of the paleo-Paciﬁc Ocean, emplaced into a forearc accretionary
complex. This accretionwas preceded by a period of subduction erosion
in the Early Cretaceous (Amato et al., 2013).
Middle Cretaceous contractional structures are also found close to
the international border in the western Ogilvie Mountains in east-
central Alaska, where the arcuate, east-west-trending, north-vergent
Mackenzie Mountains foreland fold-and-thrust belt of the Yukon Terri-
tories (Canada) terminates at its western end against the northwest-
trending Tintina fault just west of the U.S.-Canada border. Lower Creta-
ceous strata in this area exhibit east-west trending folds (Dover, 1992;
Dover and Miyaoka, 1988). To the east in the Yukon, strata at least as
young as Albian are folded by east-west trending structures on the
southern margin of the Eagle Plain in the Canada (Gordey and
Makepeace, 2001), indicating Albian or younger. Fission-track data sup-
port uplift-related cooling at 86–96Ma (Johnsson, 2000). The linkage of
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145T.E. Moore, S.E. Box / Tectonophysics 691 (2016) 133–170the Alaskan structures to the Mackenzie Mountains fold-thrust belt to
the east ties this deformation to the Cordilleran, rather than the Arctic,
margin of North America.
To the west, south of the junction between the Tintina and Kaltag
faults, contractional structures of middle Cretaceous age are document-
ed in the Livengood and Wickersham-White Mountains terrane. Here,
northeast-trending map-scale folds deform Albian and older strata
and are intruded by granitic intrusions dated at 92–88 Ma (Jones
et al., 1986; Reifenstuhl et al., 1998). The deformation forms a
northwest-vergent fold-and-thrust belt (Dover, 1994).
The northwest-vergent folding of the Livengood terrane continues
to the southwest into the poorly exposed and poorly studied
Minchumina terrane. This terrane displays stratigraphic similarities to
both the Farewell and Livengood terranes (Dumoulin et al., 1999;
Wilson et al., 2015) and may represent imbricated fragments of both
terranes.
3.10.2. Penetrative extensional deformation during LM2 time-slice
Middle Cretaceous (LM2) extensional deformation is exposed across
widespread areas of northern and central Alaska, including the Seward
Peninsula, southern Brooks Range, Ruby terrane and the Yukon Com-
posite terrane (Fig. 13). This deformation is typically expressed as duc-
tile fabrics with greenschist- to amphibolite facies mineral assemblages
that lie structurally beneath lower grade rocks of the oceanic ATI and
Seventymile terranes (Miller and Hudson, 1991).
On the Seward Peninsula, extensional fabrics are horizontal to gently
dippingwith strong north-south to northwest-southeast stretching lin-
eations in quartz-rich metaclastic, metapelitic, metacarbonate, and
metagranitic rocks (Dumitru et al., 1995; Hannula et al., 1995). Thesefabrics are synkinematic with ~90 Ma magmatic rocks and record ex-
tensional exhumation between 90 and 82 Ma (Dumitru et al., 1995;
Amato and Miller, 2004), although the deformation may have begun
as early as 120 Ma (Miller and Hudson, 1991). The deformation is ac-
companied by Barrovian series metamorphism that varies from low
grade to granulite facies.
In the southern Brooks Range, mid-Cretaceous extensional deforma-
tion is represented by a prominent south-dipping penetrative schistos-
ity that post-dates earlier LM1 contractional fabrics in the quartzitic
schists, metapelites, metacarbonates, and metagranitic rocks that form
the metamorphic core (“schist belt”) of the southern Brooks Range.
These fabrics are locally mylonitic or phyllonitic and transition south-
ward into brittle extensional fabrics adjacent to, andwithin, the ATI ter-
rane along a contact that is thought to be a ductile extensional fault
(Gottschalk and Oldow, 1988; Little et al., 1994; Law et al. (1994);
Moore et al., 1997). The penetrative fabrics in the southern Brooks
Range display down-to-the-south extensional kinematics, although
top-to-the north extension on the northern ﬂank of the schist belt has
also been reported (Toro et al., 2002) (Fig. 13). The extensional exhuma-
tion was dated at 103–98 Ma (Vogl, 2002) in the south-central Brooks
Range and ~113 Ma in the southeastern Brooks Range (Blythe et al.,
1996).
A widespread episode of penetrative extensional deformation that
occurred in the mid-Cretaceous thoroughly overprinted the Yukon
Composite terrane. This deformation consists of a regional
subhorizontal top-to-the-southeast ductile fabric that is superimposed
on older fabrics (Hansen et al., 1991; Pavlis et al., 1993; Hansen and
Dusel-Bacon, 1998). The deformation is accompanied by pervasive
greenschist to amphibolite facies metamorphism at low structural
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146 T.E. Moore, S.E. Box / Tectonophysics 691 (2016) 133–170levels and localized mylonitic shear zones at higher structural levels. As
much as 10 km of crustal section was omitted on at least one mylonitic
shear zone (Pavlis, 1989; Pavlis et al., 1993). Along the northwestern
margin of the Yukon Composite terrane, deformational fabrics diminish
or disappear against the sedimentary Wickersham-White Mountains
terrane at a contact that has been variously interpreted as being transi-
tional, a thrust fault, or an extensional fault (Pavlis et al., 1993).
Dating of micas in these fabrics in the Yukon Composite terrane by
K-Ar and 40Ar/39Ar have yielded ages of 107 Ma–111 Ma, whereas
40Ar/39Ar hornblende ages from amphibolites are 135–115 Ma (Pavlis
et al., 1993; Dusel-Bacon et al., 2002). Plutons dated at 111–113 Ma
are thought to be synkinematic with the deformation (Dusel-Bacon
et al., 2002), whereas caldera complexes in Alaska and the Yukon yield-
ing 108–110Ma ages are post-tectonic and rest unconformably on these
schists (Bacon et al., 1990; Mortensen and Dusel-Bacon, 2014). Pavlis
et al. (1993) suggested that extensional exhumation initially may have
begun slowly, increased to a maximum at ~116–114 Ma, and ended
by ~110 Ma. Although the extensional deformation in the Yukon Com-
posite terrane, which seems to have been most intense at about 116
to 110 Ma, clearly crosses the boundary between our LM1 and LM2
age bins (Fig.2), we have classiﬁed it as LM2 to emphasize the younger
part of its age range.
Mid-Cretaceous extensional deformation is also recognized in the
Kokrines Hills in the Ruby terrane in central Alaska (Roeske et al.,
1995, 1998). Like other parts of the Ruby terrane, this area displays re-
gional low-angle foliation and accompanying isoclinal folds,mineral lin-
eations, and local shear zones in dominantly quartz-rich and pelitic
metamorphic rocks. In thewestern part of the Kokrines Hills, the fabricsexhibit top-to-the southeast kinematics and contain low pressure/high
temperature mineral assemblages. Metamorphic mica from these fab-
rics yielded 40Ar/39Ar ages of 109 and 114 Ma. Deformed granitic rocks
that are synkinematic with the deformation yield U-Pb zircon ages of
118–114Ma,whereas an undeformed pluton that post-dates the exten-
sional fabrics yielded ages of 112–113 Ma (Roeske et al., 1995, 1998).
Adjacent regions with apparently similar deformational histories are
thought to display only prograde LM1 contractional deformation and
lack any evidence of extension (Roeske et al., 1995).
These relations present two dilemmas for our classiﬁcation of defor-
mation of this area. The ﬁrst dilemma concerns the limits of thedistribu-
tion of the mid-Cretaceous penetrative extensional deformation
because its distribution in the Ruby terrane presently is not constrained
beyond the known area of occurrence in the western Kokrines Hills.
Mid-Cretaceous extensional deformation has not been recognized
south of the Kaltag fault in the Kaiyuh Mountains (Roeske and
McClelland, 1997) nor in the Ray Mountains northeast of the Kokrines
Hills (Dover, 1994), although the results in both areas need to be
more fully assessed. Roeske et al. (1998) suggested that the extension
in the Kokrines Hills was caused by transtensional faulting parallel to
the Ruby structural high prior to the initiation of sedimentation in the
adjacent Kobuk-Koyukuk basin and thus is limited to the northwestern
margin of the Ruby terrane. On the other hand, the structural relations
of brittly deformed, mostly low-grade oceanic volcanic and associated
sedimentary rocks of the ATI terrane, which structurally overlie
ductilely deformed blueschist-facies continental rocks of the Ruby ter-
rane, are similar to those found in the extended parts of the southern
Brooks Range, Seward Peninsula, and Yukon Composite terrane
AA
YTa
YTp
YTp
YTp
YTpYTp
YTp
YTp
YTp
SVSVYTc
FW
FW
FW
FW
CG
CG CG
CG
AA
KY RB
RB
PC
WR
WR
RB
PE
PE
YA
YA
WR
WR
ATI
PE
AA
PW
TG
NY
MN
WW
WW
WW
RB
AA
PW PWTK
AX
NAm
PE
KY
KY
KY
KY
KY
MK
MK
PN
LG
LG
ATI
ATI
ATI?
KY
BP
ATI?
ATI
ATI
ATI
ATI
ATI
ATI
ATI
ATI
ATI
ATI
ATIATI ATI
GD
AA
KY
PN
CG
PN
KY
PW
CH
TG
AX
MK
PN
KIL
ATI
PN
AA
WW
MN
WF
KY
WR
ATI
WWWW
KY
RB
KY
KY
YTp
PW
NN
SU
3
9
12
11
13
10
8
7
1415 16
17
6
5
4
3
22 1
69°
68°
67°
66°
65°
64°
63°
62°
61°
60°
70°
71°
141°144°147°150°153°156°159°162°165°168°
0 100 Miles
0 100 Kilometers
LM3 (86–66 Ma) 
deformation
Thin-skinned thrust style
DEFORMATIONAL STYLE
Thin-skinned fold style
Thick-skinned thrust style  
Thick-skinned fold style 
Accretionary sedimentary style 
Uncertain style 
KINEMATICS
Contraction transport direction
Orientation of contraction
ChugachAhklun
Mtns.
Wrangellia
Talkeetna
Mtns
Mtns.
Seward Pen.
Fare
we
ll te
r.
Fare
we
ll 
ter.
Kobuk-
Koyukuk b.
L. Yukon-
Koyukuk b.
Kus
kok
wim
 
b. Kahiltna
 b.
Pe
nin
su
lar
ter
.
ter.
Alas
ka
Range
Fig. 14. Map of Alaska showing distribution of areas affected by LM3 deformation (86–66 Ma: late Late Cretaceous, Santonian-Maastrichtian), including deformational styles and
kinematics. Terrane map with major Cenozoic strike-slip faults; terrane name abbreviations and fault numbering from Fig. 4. Arrows show locations of known contractional structural
transport direction (single-headed) or shortening direction (double-headed).
147T.E. Moore, S.E. Box / Tectonophysics 691 (2016) 133–170(Miller and Hudson, 1991). The lack of detailed study of these contacts
and fabrics in most areas, coupled with the ductile extensional relations
known to be present in the Kokrines Hills suggest that low-angle exten-
sional contacts and associated fabrics may be more widespread than
previously recognized. In deference to the few studies that have been
published, we show the penetrative extension as being limited to only
the area of the western Kokrines Hills in Fig. 13, but indicate that it is
suspected elsewhere across most of the Ruby terrane.
As with the Yukon Composite terrane, the second dilemma involves
whether to assign the extensional deformation in the Kokrines Hills to
the LM1 or LM2 timeslice interval. An 40Ar/39Ar white mica age from a
shear zone at the structural contact of the ATI on the Ruby terrane in
the Kokrines Hills and the U-Pb ages from the pluton that post-dates
the shearing both approximate 113Ma (Roeske et al., 1998) the bound-
ary between the two age intervals, whereas dating of another exten-
sional shear zone yielded an 40Ar/39Ar age of 109 Ma (Roeske et al.,
1995). If the extensional fabrics are present regionally along the contact
between the Ruby and ATI terranes, however, the deformation must
pre-date the widespread, mostly 113–111 Ma emplacement age of the
voluminous granitic rocks that truncate the contact (Roeske et al.,
2015). For this study, we chose to assign the extensional deformation
to LM2 because this is its youngest possible age and to draw attention
to the wide distribution of broadly mid-Cretaceous extensional defor-
mation in interior Alaska in Fig. 13. Nonetheless, it is important to recog-
nize that as presently dated, extension in the Kokrines Hills is as much
as 28 m.y. older than that dated in the Seward Peninsula and southern
Brooks Range, and may have begun, or occurred prior to, 113 Ma and
thus late in LM1 time.3.11. LM3 time-slice: late Late Cretaceous (Santonian-Maastrichtian) (86–
66 Ma) deformation
Late Late Cretaceous deformation (LM3) is widespread across much
of southern and western Alaska (Fig. 14).
In the Chugach Mountains of southeastern Alaska, accretion of
turbiditic deposits (Valdez Group of the Chugach terrane) is recorded
by south- to southeast-vergent folds and imbricate thrusts and inhomo-
geneous deformation. Ramp-and-ﬂat thrust geometries, upright to
isoclinal folds, and penetrative layer-parallel phyllitic cleavage have
been described in these rocks (Kusky et al., 1997b). The strata were de-
posited and accreted during Campanian and Maastrichtian time (84–
66 Ma; Amato et al., 2013; Trop and Ridgway, 2007).
Across most of central and western Alaska, LM3 deformation is typ-
ically expressed as tight and locally overturned folds and thrust faults
that deform early Late Cretaceous basinal strata in the Kahiltna,
Kuskowkim, Lower Yukon-Koyukuk and Kobuk-Koyukuk basins. Defor-
mation affects at least themargins of the older basin-bounding terranes
(except the Brooks Range), but is absent or difﬁcult to distinguish from
earlier or later deformations in the bounding terranes away from the
basin margins.
In the Kahiltna basin in the western Alaska Range, early Late Creta-
ceous strata with detrital zircons as young as 85 Ma are deformed and
are crosscut by post-tectonic plutons of 75 ± 5 Ma (Hults et al., 2013;
Box et al., 2013). Fossil ages of strata unconformably overlying de-
formed Kahiltna strata range from Coniacian-early Campanian (Trop
et al., 2004) in the central Alaska Range to Albian-early Cenozoic
(Hampton et al., 2007) in the Talkeetna Mountains, with Kahiltna
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spectively. In the western Alaska Range, folds of Kahiltna basin strata
verge in opposite directions away from the central basin axis and in-
volve the underlying older strata in the ﬂanking Farewell and
Peninsular-Wrangellia terranes (Fig. 14; Box et al., 2013). Farther east
in the central Alaska Range, fold and thrust deformation involving
older strata within the basin (Hampton et al., 2007; Gilman et al.,
2009) is more complex, ranging from southeast vergent (Ridgway
et al., 2002; Davidson and McPhillips, 2007; Gilman et al., 2009) to
northwest vergent (O'Neil et al., 2003; Hampton et al., 2007). These
structures are further complicated by refolding by Cenozoic folds and
thrusts having the same vergence (Ridgway et al., 2002; Trop et al.,
2004).
In the AhklunMountains, deformation in the Kuskokwim basin con-
sists of basement-involved, northwest-verging folds and thrusts (Box
et al., 1993), whereas farther north in the central and northeastern
parts of the basin, Kuskokwim strata are deformed into thin-skinned,
dominantly northeast-trending folds. The latter structures are locally
refolded by thin-skinned, northwest-striking, southwest-verging folds
and thrusts in the central and northeastern basin (Miller and
Bundtzen, 1994; Miller et al., 1989; Patton et al., 1980). The southern
part of theKuskokwimbasin is deformed into arcuate folds that are con-
vex to the southwest. These folds may reﬂect southwest-verging LM3
refolding of earlier LM3 folds.
Strata of the Lower Yukon-Koyukuk basin are deformed into an arcu-
ate east-southeast verging fold-and-thrust belt (Cushing and Gardner,
1987; Patton et al., 2009) that may root to the west beneath the EarlyCretaceous metamorphic rocks of the eastern Seward Peninsula
(Fig. 14). The Kobuk-Koyukuk basin strata, locallywith underlying base-
ment rocks of the Koyukuk and ATI terranes, are deformed into moder-
ately tight folds that trend in an arcuate pattern that varies from
northeast-trending in the southern part of the basin to north-trending
in the east-central part and to west-trending in the northwestern part
(Patton et al., 2009). This pattern crudely parallels the southeastern
and northern ﬂanks of the basin (Ruby terrane and Brooks Range, re-
spectively). Open folding of metamorphic foliation in the Ruby terrane,
which affects metasedimentary schists as well as granitic gneisses with
igneous ages as young as 118Ma (Roeske et al., 1995), is parallel to fold-
ing of adjacent Upper Cretaceous strata; however, the timing con-
straints on that folding are poor, and it may pre- or post-date the
folding of the adjacent basinal strata.
3.12. C1 time-slice: Paleocene and Eocene (66–34 Ma) deformation
Deformation of early Paleogene age (C1) is found in virtually all
parts of Alaska except for the Seward Peninsula and nearby far western
Alaska, and the northern Talkeetna and northern Wrangell Mountains
(Fig. 15). Across much of interior Alaska, this deformation consists of
map-scale, broad, low amplitude, long wave-length folds. In the Brooks
Range, C1 shortening forms a north-vergent fold-thrust belt.
Early Paleogene (C1) deformation in the accretionary margin of
southern Alaska consists of steeply north dipping slaty cleavage and
structurally incoherent folding and faulting in Paleogene accretionary
units (Orca Group). Structural vergence is seaward and indicative of
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149T.E. Moore, S.E. Box / Tectonophysics 691 (2016) 133–170formation during accretion (Plafker et al., 1994b). In older parts of the
subduction complex (Chugach terrane), C1 deformation consists of a
diffuse network of brittle, generally south-vergent thrusts and relatively
younger dextral and sinistral faults that deform older accretion-related
structures (Kusky et al., 1997a; Haeussler et al., 2003b). In the eastern
part of the Chugach terrane (Chugach Metamorphic complex), post-
accretionary fabrics consist of shallow-dipping foliations and recum-
bent to inclined folds that are overprinted by upright folds with steeply
dipping, orogen-parallel cleavage. This deformation developed from
vertical thinning during top-to-the-east shear (Pavlis and Sisson,
1995; Scharman et al., 2011; Gasser et al., 2012). The younger deforma-
tional fabrics in this area are associated with schists and gneisses meta-
morphosed at high temperatures and dated at 51–55 Ma (Gasser et al.,
2012). The deformation and metamorphism of the subduction assem-
blage is thought to be the result of ridge subduction between 60 and
51Ma and to record subsequent transition to a dextral translational de-
formation in later C1 and C2 time (Pavlis and Sisson, 1995; Bradley et al.,
2003b).
In the Matanuska Valley, Maastrichtian (uppermost Cretaceous)
strata are folded and are unconformably overlain by Paleocene deposits,
indicating that shortening occurred in the Paleocene. The Paleocene and
Eocene deposits themselves are progressively tilted and folded by re-
verse faults on the Castle Mountain fault during deposition (Trop
et al., 2003). This belt of folds continues to the east into the southern
Wrangell Mountains.
Broad long-wavelength, low amplitude folds (dips generally b30°)
of Early Paleocene (C1) age are recognized in the Yukon Composite ter-
rane, Ruby structural high, Livengood and Wickersham-White Moun-
tains terrane, and in the eastern Kobuk-Koyukuk, eastern LowerYukon-Koyukuk, Kuskokwim and Kahiltna basins. In the Yukon Com-
posite terrane, broad upright folds warp foliation (Hansen and Dusel-
Bacon (1998) and deform upper Cretaceous-Lower Tertiary strata de-
posited unconformably on the metamorphic rocks (Cushing and
Foster, 1984; Foster and Cushing, 1985); ﬁssion track ages suggest the
deformation occurred at 50–40 Ma (Dusel-Bacon and Murphy, 2001;
Dusel-Bacon et al., 2016). In the Kanuti River area, a spectacular map-
scale north-northeast-trending anticline-syncline pair folds the struc-
tural contact between the Ruby and ATI terranes and the overlying
early Paleogene volcanic rocks (Patton et al., 2009) (Fig. 15). South of
the Kaltag fault at Sawtooth Mountain in the Livengood terrane, a
large-scale east-northeast trending anticline folds mid-Cretaceous
thrust faults and is intruded by ~60 Ma granitic rocks (Dover, 1994).
In the Kahiltna, Kuskokwim, and southern Kobuk-Koyukuk basins and
surrounding areas, latest Cretaceous to earliest Tertiary volcanic ﬁelds
are commonly preserved in the cores of gentle northeast-trending syn-
clines that parallel earlier, tighter LM3 folds. The scale and northeast-
trends of these structures are similar to that of the Mt. Doonerak
antiform in the central Brooks Range, which seismic data show is a
crustal-scale duplex that roots in a detachment in the middle or lower
crust (Fuis et al., 1995, 1997, 2008).
In the western Ogilvie Mountains north of the Tintina fault,
northeast-trending, southeast-vergent folds and thrust faults post-
date earlier LM1 and LM2 deformation. These structures fold Campa-
nian to Eocene strata and appear to pre-date or are synchronous with
movement on the Tintina fault (Dover, 1992). The deformation is prob-
ably related to north-trending folds that deform strata as young as
Santonian to the east in the Eagle Plains in the Yukon (Lane, 1998).
The deformation there is east-directed, with the divergence of the
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enced by the presence of older northeast-trending Early Cretaceous
(LM1) thrusts along the margin of North America.
In northern Alaska, C1 deformation is represented by signiﬁcant
shortening in the north-vergent, east-west-trending late Brookian
fold-and-thrust belt (Fig. 15). The late Brookian deformation consists
of a system of spaced, basement-involved thrusts that deform the
older structures of the Early Cretaceous (LM1) early Brookian thrust
belt and metamorphic hinterland (Wallace and Hanks, 1990; Moore
and Potter, 2008;Moore et al., 2004). To the north, the thrusts ramp up-
wards into Jurassic and Early Cretaceous strata of the Colville basin, pro-
ducing a regional triangle zone that marks a transition into a frontal
valley-and-ridge-style fold belt (Moore et al., 2004; Duncan et al.,
2012). The fold belt consists primarily of upright detachment folds
that deform the foreland basin succession associated with early
Brookian deformation.
A convex-northward arcuate systemof thrusts of similar age uplifted
the northeastern Brooks Range and continues eastward across the inter-
national border into the northern Yukon Territories, where trends turn
to the southeast (Wallace and Hanks, 1990; Lane, 1998). This system of
thrusts forms the northeastern salient of the Brooks Rangewhose age of
uplift is constrained by widespread ~60 Ma ﬁssion-track cooling ages
(for example, O'Sullivan, 1996; O'Sullivan et al., 1997, 1998a, 1998b;
Blythe et al., 1996; Parris et al., 2003) and by a regional sub-late Paleo-
cene sequence-boundingunconformity that post-dates the deformation
(Mull et al., 2003). Uplift in the northeastern Brooks Range was sufﬁ-
cient to cause the denudation of the entire thickness of the axial partof the Cretaceous Colville basin except for a small stratigraphic remnant
at Bathtub Ridge (Fig. 15).
3.13. C2 time-slice: Oligocene and early Miocene (34–15 Ma) deformation
Oligocene and early Miocene (C2) contractional deformation is rec-
ognized in the central Alaska Range and in northeastern Alaska (Fig. 16).
North-directed basement-involved thrusting of this age occurred in
the frontal part of the northeastern salient of the Brooks Range, ramping
up northward to a northeast-trending triangle zone (Marsh Creek anti-
cline) that deforms Miocene and older strata near the present-day
coastline (Grantz and May, 1983; O'Sullivan and Wallace, 2002; Potter
et al., 2004; Cole et al., 1999). Fission track data from this part of the
Brooks Range indicate uplift-related cooling occurred at 27 Ma
(O'Sullivan and Wallace, 2002). Seismic reﬂection data show that the
frontal part of the deformational belt continues to the northeast into
the offshore regionwhere severalmap-scale antiforms such as the Cam-
den anticline are present. To the east, the fold belt continues into the
Mackenzie delta area as the subsurface Beaufort fold belt (Lane, 1998).
In the offshore area, the fold belt has prograded across the continental
margin, down the continental slope and into the Canada Basin to the
north on a detachment in Cretaceous shale (for example, (Helwig
et al., 2011) (Fig. 16)). This deformation resulted in formation of
large-scale antiforms and synforms on the Beaufort shelf and a fold
train of detachment folds of the basinal deposits to the north. This defor-
mation has continued into the lateNeogene (see C3 time-slice: lateMio-
cene to Holocene (15–0 Ma) deformation Section).
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the crustal scale northeast-trending Mt. Doonerak antiform in the cen-
tral Brooks Range (Fig. 16). Although the antiform is largely a Paleogene
structure, a late phase of construction is indicate by ﬁssion-track ages of
24 Ma (O'Sullivan et al., 1998a). This structure probably is a hinterland
structure to the nearly coeval folds and thrusts in the coastal plain and
nearby mountains of the northeastern Brooks Range (Moore et al.,
1997).
In the Alaska Range, Trop et al. (2004) documented south-
southeast-directed thrust faults associated with Oligocene syntectonic
sedimentation adjacent to the right-lateral Denali Fault in the central
Alaska Range (Colorado Creek basin, Fig. 16). They inferred that the de-
formation reﬂects transpressional deformation as part of the Denali
fault system. Regional uplift centered in that same area beginning at
30 Ma, and gradually younging to 18 Ma within 200 km to the east
andwest is indicated by detrital thermochronology of streamsediments
shed from the Alaska Range (Lease et al., 2016). The uplift and associat-
ed transpressional deformation were interpreted to reﬂect far-ﬁeld de-
formation that occurred during the early phase of emplacement of the
Yakutat microplate against southern Alaska 600 km to the south-
southeast.
3.14. C3 time-slice: late Miocene to Holocene (15–0 Ma) deformation
Late Miocene to Holocene (C3) contractional deformation is ob-
served in southern Alaska and in northeasternmost Alaska and adjacent
Beaufort Sea continental margin (Fig. 17).
Late Miocene to Holocene (C3) contractional deformation in south-
ern Alaska is related to the northwest-directed subduction and accom-
panying collision of an oceanic plateau and its thick overlying section
of sedimentary deposits (Yakutat terrane or microplate) with the
North American margin beneath the St. Elias orogen in southern Alaska
(Plafker, 1987, 1994; Pavlis et al., 2004; Worthington et al., 2012)
(Fig. 17). This orogen developed beginning at ~10–12 Ma in a “tectonic
corner” along the transition from subduction to transform tectonics at
the northeastern end of the Aleutian subduction zone (Pavlis et al.,
2004, 2012). Seismic data show that the Yakutat microplate extends
as a ﬂat slab for ~250 km toward the northwest, beneath southern Alas-
ka (Ferris et al., 2003; Eberhart-Phillips et al., 2006; Fuis et al., 2008;
Bauer et al., 2014). This much underthrusting, coupled with regional
thermochronology results, implies that the ﬂat slab subduction may
have begun as early as 30 Ma (Plafker et al., 1994b; Finzel et al.,
2011a; Arkle et al., 2013; Lease et al., 2016), with a phase of rapid exhu-
mation since ~6 Ma (Enkelmann et al., 2008).
Deformation at the surface is expressed as a fold-and-thrust belt in
the Chugach and St. Elias Mountains and by folding and thrusting in
the Alaska Range southward into the Susitna Basin and perhaps the
Tordrillo Mountains (Haeussler, 2008). Much of the region between
the Alaska Range and the St. Elias Range and adjacent Chugach Moun-
tains displays mainly passive uplift without evidence of signiﬁcant con-
tractional deformation (Arkle et al., 2013).
The frontal part of the St. Elias orogen is a northeast to east-west-
trending thin-skinned, south-vergent fold and thrust belt that extends
southwestward into the offshore as the Pamplona zone. Folds become
increasingly complex northward and pass into a zone of imbricated
thrusting. The imbricated zone lies below the north-dipping the
Chugach-St. Elias fault, which forms the suture between the Yakutatmi-
croplate and the Paleogene and Cretaceous parts of the southern Alaska
subduction complex (Wallace, 2008; Pavlis et al., 2012). The fold-and-
thrust belt occupies the tectonic position of the Neogene accretionary
prism associated with the Aleutian subduction zone to the southwest
outside the map area. Accretionary structures and relatively younger
megathrust splay faults are exposed on the islands at the entrance to
Prince William Sound (Haeussler et al., 2015) and probably extend on-
shore to the northeast near Cordova, judging from the similar topo-
graphic expression in this area.In the Alaska Range to the northwest, lateMiocene to Holocene (C3)
shortening deformation is also present. The deformation there caused
uplift of the Alaska Range since about 6–7 Ma (Lesh and Ridgway,
2007; Haeussler, 2008; Benowitz et al., 2011, 2012; Lease et al., 2016)
and formed thrust belts with opposing structural vergence north and
south of the Denali fault. North of the fault in the northern foothills of
the Alaska Range, deformation is expressed as a generally north-
directed, thick-skinned, fold-and-thrust belt. Modeling of the deforma-
tion by Bemis and Wallace (2007) suggested this fold-and-thrust belt
has a passive-roof duplex-style, including both south- and north-
vergent thrusts and a south-dipping basal detachment to a depth of
~6–9 km in basement (Bemis and Wallace, 2007; Bemis et al., 2012).
Stratigraphic relations show that the shortening is relatively lowmagni-
tude and high relief and has developed since 3 Ma. The deformational
belt is arcuate and approximately parallel to northward convex curva-
ture of the Denali fault (Bemis et al., 2012).
In contrast to structures north of the Denali fault, deformation south
of the fault consists of broadly spaced, northwest-dipping thrust faults
that splay southwesterly away from the Denali fault (Haeussler,
2008). This system of faults is poorlymapped but includes the previous-
ly unknown Susitna Glacier fault, a southeast-directed thrust fault that
ruptured during the 2002 M 7.9 Denali earthquake (Crone et al., 2004)
but probably formed at ~15 Ma (Riccio et al., 2014). Other southeast-
directed thrust faults with similar trends have been recognized and
are interpreted to truncate Quaternary strata in the northern Susitna
Basin (Stanley et al., 2014). The high topography of the central Alaska
Range was likely constructed principally on this system of faults and
was exhumed since 6 Ma (Bemis and Wallace, 2007). Lease et al.
(2016) document time-transgressive cooling ages from 12 to 6 Ma
from west to east at Denali (formerly Mount McKinley) that suggest
progressive rock uplift as the crust south of the Denali fault moved
through a 20° restraining bend in the fault. Although ﬁssion-track data
indicate the nearby Tordrillo Mountains were exhumed beginning at
about 23 Ma, rapid exhumation of the Tordrillos also occurred at 6–
7 Ma (Haeussler, 2008; Benowitz et al., 2011, 2012). This area may
have been uplifted on a poorly known series of generally north-
trending thrust and (or) reverse faults that also deform Susitna basin
just to the east (Stanley et al., 2014).
A mainly submerged or covered transpressional fold belt is present
in Cook Inlet and extends northeastward into the Matanuska Valley
(Bruhn and Haeussler, 2006). Numerous northeast-trending fault-
propagation folds are present in the subsurface of Cook Inlet and were
formed no earlier than Plio-Pleistocene time (Haeussler et al., 2000).
The folds are discontinuous, asymmetric, doubly plunging, and variable
in vergence, amplitude, and wavelength. Associated faults dip steeply
into basement beneath the Tertiary sedimentary ﬁll of Cook Inlet. The
deformation is caused by dextral transpression of Cook Inlet basin strata
caught between basement blocks driven by the collision of the Yakutat
terrane (Haeussler et al., 2000; Bruhn and Haeussler, 2006; Jadamec
et al., 2013).
The latest uplift on the Camden anticline, a large-scale structure on
the Beaufort shelf north of the northeastern Brooks Range, is document-
ed by seismic data as basal Pliocene (b5 Ma). Grantz and May (1983)
and Grantz et al. (1987, their Fig. 21.4) reported Quaternary deforma-
tion across a wide part of the Alaskan Beaufort Shelf and nearby coastal
plain and documented late deformation on the Marsh Creek anticline
(Fig. 17). This area is seismically active, with focal mechanisms for
some earthquakes indicating a north-south zone of left-slip translation
and possibly north-directed contraction (Gedney et al., 1977; Grantz
and May, 1983; Estabrook (1988); Hyndman et al., 2005; Ruppert,
2007).
4. Temporal patterns of deformation of Alaska
The data from the time-slice maps of Figs. 6 through 17 are summa-
rized in a chrono-stratigraphic chart in Fig. 18. The upper and lower
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straints as given inMoore and Box (2016) and discussed in the previous
section. The timing of deformation for terranes outside our study area is
shown with white dashed boxes.
Themost obvious temporal pattern illustrated in this diagram is that
most deformation is Cretaceous and Cenozoic and many of these defor-
mational episodes are widespread over large areas of the state. Older
deformations, in contrast, are more localized in both time and space.
The most widespread period of deformation occurred in the Paleogene
(C1), when contractional deformation occurred in all of Alaska except
the Seward Peninsula and the Talkeetna and Wrangell Mountains. The
overall pattern indicates that Alaska was assembled principally in the
Cretaceous and Cenozoic and that earlier deformation may have been
restricted to terranes or combinations of terranes prior to this ﬁnal pe-
riod of assembly.Scale change
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known or suspected in many of the terranes of Alaska, Precambrian de-
formation has only been recognized in a few locations in Alaska. This
may result from a lack of exposure of rocks in the deeper, older part of
terranes, overprinting by younger deformational episodes, or by burial
under sedimentary basins formed as a consequence of the younger de-
formation. However, some of the Proterozoic sections exposed in Alaska
consist of sedimentary sequences that were deposited on passive conti-
nentalmargins that were not disturbed by Proterozoic deformation (for
example, PC; AAn, parts of AAs; WW, Fig. 18).
A third observation is that the oldest deformations are restricted to
speciﬁc terranes, with progressively more widespread sharing of defor-
mational events between terranes through Paleozoic and earlyMesozo-
ic time. The oldest deformation (P1) is found only in the Kilbuck (KIL,
Fig. 18) terrane. P2 deformation is known from both the Kilbuck andK FW LG MN YTp YTa PEWR CG PW YAAX
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and the southern Brooks Range (AAs, Fig. 18). Early Paleozoic (EP3) de-
formation is known in northern Alaska, central Alaska, and southern
Alaska (AX, Fig. 18, outside the study area). Late Paleozoic deformations
(LP3–LP4) also may be related to collisional events: the Pennsylvanian
(LP3) collision of Alexander and Wrangellia terranes (Gardner et al.,
1988; Beranek et al., 2014), the Permian (LP4) collision of the Farewell
and Tikchik terranes (Box et al., 2015), and Permian (LP4) collision of
the allochthonous (YTa)with parautochonous (YTp) in the Yukon Com-
posite terrane (Beranek and Mortensen, 2011). By the Early Jurassic,
overlapping deformation and plutonism indicate that YTp and YTa
were amalgamated into the Yukon Composite terrane. Also in the
Early Jurassic, deformation associated with formation of the older
parts of the southern Alaska accretionary complex is recognized in the
Chugach (CG, Fig. 18) and Peninsular (PE, ﬁg 18) terranes, and the Pen-
insular and Wrangellia terranes share Middle Jurassic deformation. In
the Brookian orogen in northern Alaska, Late Jurassic deformation is
only documented in the ATI terrane, while Early Cretaceous early
Brookian deformation is found in the ATI terrane and a number of ter-
ranes across northern Alaska.
A key stage in the development of Alaska is marked by the develop-
ment of widespread areas with intense ductile extensional deformation
in interior Alaska during the middle Cretaceous (AAs, AAsp, RB, ATI, Ytp
and YTa, Fig. 18). If the age of deformation in each area is considered
separately, the extensional deformation appears to have been
diachronous, with the oldest deformation in the Yukon Composite and
Ruby (RB, Fig. 18) terranes (~116–110 Ma and ~113 Ma, respectively)
and younger deformation in southern Brooks Range (AAs, Fig. 18) and
Seward Peninsula (AAsp, Fig. 18) (103–98 Ma and 90–82 Ma, respec-
tively). However, the apparent difference in ages may be an artifact of
the dating techniques used to constrain the ages of the deformations.
For example, the extensional deformation is constrained principally by
the ages and contact relations of granitic plutons that intrude Yukon
Composite and Ruby terranes whereas it is constrained primarily by
mica cooling ages in Arctic Alaska terrane in the southern Brooks
Range and Seward Peninsula. Considered collectively, the period of duc-
tile extension across interior Alaska could be interpreted as lasting from
~135 to ~90 Ma, as suggested by Miller and Hudson (1991). However,
this conclusion is difﬁcult to reconcile with the interpretation of an ep-
isode of back folding between ~112 and ~103 Ma that preceded the ex-
tensional deformation in the southern Brooks Range (AAs, Fig. 18)
(Vogl, 2002). Regardless of these complexities, the patterns evident in
Fig. 18 suggest that the episode(s) of ductile extensional deformation
in interior Alaska may mark a change from the progressive assembly
of Alaska to its ﬁnal consolidation.
5. Spatial patterns and tectonics of deformation in Alaska
In addition to the changes in the amount and extent of deformation
with time that were discussed in the previous section, the age and tec-
tonics of deformation change regionally across Alaska. For example, Late
Jurassic and Early Cretaceous deformation (that is, the early Brookian
orogeny) is present inmost of the areas of northern andwestern Alaska.
The areas where the deformation has not been recognized form the
foreland (for example, AAn, Fig. 18) or the upper plate of the orogen
(Koyukuk terrane). This region is deﬁned here as the Northern domain
of deformation of Alaska (Figs. 18, 19). In southern Alaska, the deforma-
tional record features the growth of an oceanic arc terrane consisting of
the Alexander, Wrangellia, and Peninsular terranes and its accretionary
forearc, the southern Alaska accretionary complex (Chugach, Prince
William and Yakutat terranes). This area constitutes the Southern do-
main of deformation. Terranes between these two regions are largely
continental terranes without unifying pre-Cenozoic deformation, al-
though some of the largest of these (FA and YTa) contain evidence of
Permian (LP4) contractional deformation (Fig. 18). This area constitutes
the Interior domain of deformation. The boundaries between thedomains are approximated, but are not deﬁned by, the Tintina-
Victoria Creek-Kaltag and the Denali fault systems (Fig. 19). Below, we
discuss the key deformational characteristics and tectonic histories of
the three domains and what is known or can be inferred about where
the tectonism occurred. This information can be used to formulate gen-
eral travel paths by which the terranes arrived in North America and
created the Alaskan promontory on its northwestern margin. Because
all three domains share Late Cretaceous and Cenozoic deformations,
the regional characteristics of these deformations are discussed
separately.
5.1. Northern domain of deformation
5.1.1. Deﬁnition and character
The Northern domain (Fig. 19) is broadly overprinted by structures
formed during the early Brookian phase of the Brookian orogeny. This
deformation began with subduction of oceanic crust southward (pres-
ent coordinates) beneath the Koyukuk island arc in an oceanic region
outboard of North America (that is, the Angayucham Ocean) in the
Late Jurassic (EM3). This phase of the deformation is recorded by pene-
trative deformation and high-temperature metamorphism at the base
of the ophiolites included here in the ATI terrane and was followed by
underplating and subduction accretion of maﬁc igneous rocks (basalt,
diabase, gabbro), chert and argillite derived from down-going oceanic
crust (Box, 1985; Patton and Box, 1989; Moore et al., 1994b) (Fig. 11).
Structures related to these events are contained in the ATI terrane,
which is interpreted as the forearc crust and accretionary prism of the
Koyukuk arc terrane.
By the Early Cretaceous, the subduction began to progressively in-
clude the distal continental margin of the Arctic Alaska terrane, culmi-
nating in the imbrication of sedimentary cover units as allochthons
beneath and in front of the previously accreted oceanic rocks in the
early Brookian fold-and-thrust belt. Detachment of the sedimentary
cover from the continental basement of Arctic Alaska resulted in sub-
duction metamorphism of the latter under ductile conditions deeper
in the subduction zone (Moore et al., 1994b) (Fig. 12).
Although imbricated sedimentary cover units are poorly represent-
ed or not found in the Seward Peninsula and Ruby terranes, subduction
metamorphismunder ductile conditions iswidespread, indicating these
terranes shared the early Brookian event and probably consist of Arctic
Alaska basement (Armstrong et al., 1986; Roeske et al., 1995; Till et al.,
2014; Till, 2016). Early Brookian deformation is also present in east-
central Alaska where rocks of the ATI terrane are thrust onto the Porcu-
pine terrane and ultimately the northwesternmargin of North America,
producing an east-directed thin-skinned fold-and-thrust belt and asso-
ciated foreland basin (Johnsson, 2000).
The key structural relations that deﬁne the Northern domain are
(1) emplacement of the oceanic ATI and Koyukuk terranes onto conti-
nental terranes in the Late Jurassic and Early Cretaceous, (2) subduction
zone metamorphism in the underthrust continental terranes, and
(3) continentward-directed imbrication, folding and thrusting of sedi-
mentary cover units in the latest Jurassic and(or) Early Cretaceous.
Characteristics associated with this domain include post-orogenic pen-
etrative extensional deformation and exhumation (overprinting the
subduction zonemetamorphism) that followed early Brookian contrac-
tional deformation in the Aptian and Albian. This extensional faulting
has been attributed to oversteepening of imbricated units within the
thrust belt and metamorphic core during thrusting (Gottschalk and
Oldow, 1988) and may be supported by the late episode of back folding
at the end of early Brookian contractional deformation during the Early
Cretaceous (LM1) in the south-central Brooks Range (Mull, 1978; Vogl,
2002; Vogl et al., 2002; Till, 2016). Alternatively, it may reﬂect regional
whole-crustal extension resulting from termination of arc-continent
collision due to slab detachment followed by a switch in subduction po-
larity and trench roll-back behind a new arc in the paleo-Paciﬁc ocean
(Wartes, 2006) or represent backarc extension behind a long-standing
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1995; Amato and Wright, 1997).
Devonian contractional deformation of the Romanzof orogen may
also be an associated characteristic of the Northern domain. This defor-
mation appears to record closing of an ocean basin bordering Laurentia
and represents a major mid-Paleozoic tectonic event in northernmost
Alaska. These structures were attributed to subduction accretion along
the margin of North America (Moore, 1987; Moore et al., 1994b;
Dumoulin et al., 2000; Lane, 2007) and more recently to collision with
crust derived from the northern part of Baltica (Moore and Bird,
2009). The deformation is recognized in the autochthonous foreland
of the early Brookian thrust belt but has not been identiﬁed in its
allochthons, suggesting that the Devonian deformational belt may be
restricted to the northern part of northern Alaska (for example, AAn,
Fig. 18). Such structures have not been recognized in schists in the
southern Brooks Range, Seward Peninsula, and(or) Ruby terranes, al-
though they may be obscured by Brookian penetrative deformation.
5.1.2. Location of origin of northern domain structures
The location of origin of the Arctic Alaska terrane and thus the orig-
inal setting of early Brookian orogenic belt has been controversial be-
cause of the questions about the kinematic development of the late
Mesozoic and Cenozoic Arctic Ocean basin to the north. The leading pro-
posals for opening by seaﬂoor spreading of thewestern part of the basin
(that is, the Canada Basin)were reviewed by Lawver et al. (2002). In re-
cent years, evidence from seismic reﬂection data for a mid-ocean ridge
(Grantz et al., 2011; Helwig et al., 2011; Chian et al., 2016) and facies
and detrital zircon data (Gottlieb et al., 2014) have provided support
for the rotational model of opening of the Canada Basin (Embry, 1990;
Embry and Dixon, 1990; Grantz et al., 1990b; Halgedahl and Jarrard,1987), although it remains controversial (for example, Lane, 1997;
Lane et al., 2016). This model proposes that Arctic Alaska was rotated
counter-clockwise from the northern margin of Canada in the late
Early Cretaceous about a pole of rotation in the Mackenzie delta area
(Fig. 1). A secondmodel proposes large-scale left-slip translation of Arc-
tic Alaska along the northern margin of North America from an original
location adjacent to Greenland and the Barents Shelf (Colpron and
Nelson, 2009; Dickinson, 2009; Cox et al., 2015) (Fig. 1). A third model
suggests that Arctic Alaska has maintained its same position relative
to North America throughout Phanerozoic time (Lane, 1994, 1997;
Lane et al., 2016), although this model does not explain the Mesozoic
age of the Canada Basin. Despite substantial differences, all of these
models nonetheless restore Arctic Alaska somewhere along the north-
ern margin of North America (or Laurussia) (Lawver et al., 2002).
If themore popular rotationalmodel for opening of the Canada Basin
(Embry, 1990) is assumed and the Arctic Alaska terrane is restored
against the Arctic margin of North America near the western Canadian
Arctic Islands, then the structures in the Devonian Romanzof orogen
(Fig. 7) restore to near Prince Patrick Island in the Canadian Arctic
(Fig. 1). A generally south-vergent collisional orogenic belt, the
Ellesmerian orogen, extends eastward from this area along the Canadi-
an Arctic Islands to northeastern Greenland (for example, Piepjohn
et al., 2015) suggesting that the Romanzof orogen could represent a
displaced part of the Ellesmerian orogen (the “third possibility” of
Harrison and Brent (1991)). Although the Ellesmerian deformation is
considered to be Late Devonian to Early Mississippian (Trettin, 1991),
recent isotopic age dating suggests that it must have been older than
368 Ma (early Late Devonian) in the western Canadian Arctic Islands
(Reid et al., 2013) and detrital zircon data suggest that the Ellesmerian
orogenic belt probably began by the Eifelian (early Middle Devonian)
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began earlier than reported in the literature or an older, previously un-
recognized Middle Devonian orogenic event must be accounted for.
Romanzof deformation on the other hand is tightly constrained as
late Early Devonian (Emsian) to earliest Middle Devonian (Eifelian), if
the unconformity inferred beneath Eifelian strata by Anderson et al.
(1992) is accepted (Lane, 2007). If, however, the inferred unconformity
is disregarded because of its stratigraphic and structural uncertainty, the
upper age limit of Romanzof deformation can only be constrained as lat-
est Devonian. While further work may yet show the Romanzof and
Ellesmerian orogens have different ages, the uncertainty in the available
data donot allow the twoorogens to be distinguishedon thebasis of age
at this time.
This reasoning leads to the conclusion that Romanzof orogen, and
Arctic Alaska in which it lies, may have formed a part of an extensive
south-vergent (pre-rotation orientation) collisional zone that devel-
oped beginning by the early Middle Devonian along the northern mar-
gin of North America. Detrital zircon evidence indicates the deformation
was probably produced by collision of Baltica-afﬁnity crust with the
northern margin of North America (Beranek et al., 2010; Anﬁnson
et al., 2012a, 2012b, 2013; Gottlieb et al., 2014), as has been proposed
for the Romanzof orogen (Moore and Bird, 2009; Strauss et al., 2013).
Although the deformation appears to support the rotational model for
opening of the Canada basin, evidence for Late Devonian-Early Missis-
sippian deformation (Ellesmerian orogeny, sensu stricto) is lacking in
Alaska, as noted by Lane et al. (2016).
Following the Ellesmerian orogeny, a new oceanic basin (the
Angayucham Ocean) opened to the north (pre-rotation coordinates)
of Arctic Alaska and aMississippian to Jurasssic passive continentalmar-
gin successionwas deposited across Arctic Alaska (Moore et al., 1994b).
By the Jurassic, oceanic crust in the Angayucham began to be subducted
northward (pre-rotation coordinates) beneath the continentward-
facing Koyukuk island arc terrane (Box and Patton, 1989), with an ac-
cretionary forearc that became the ATI terrane (Patton and Box, 1989).
This eventually led to subduction of the Arctic Alaska terrane (that is,
the pre-rotation, north-facing Late Paleozoic-Early Mesozoic passive
margin ofNorthAmerica) and produced early Brookian (LM1) deforma-
tion along the Early Cretaceous continental margin of northern North
America. Timing constraints suggest that the fan-like opening of the
Canada Basin and rotation of Arctic Alaska into its present position oc-
curred in the Hauterivian, overlapping in time with the end of the
early Brookian deformational event (Grantz et al., 1990b).
Despite the geometric simplicity of Early Cretaceous counter-
clockwise rotation of Arctic Alaska away from the Canadian Arctic, the
structure of the Northern domain in Alaska is complicated by the diver-
gence of the structural trends of the Seward, Ruby and Porcupine ter-
ranes. The Seward Peninsula lies south of the westerly trend of the
metamorphic hinterland (schist belt) of the Brooks Range. This diver-
gence can be attributed to either (1) southward orogenic curvature of
the hinterland belt, (2) younger southward translation of the Seward
Peninsula by a north-trending sinistral fault, or (3) to exhumation of a
down-dip part of the Brookian subduction assemblage in the western
part of the orogeny, although metamorphic facies constraints may not
support the latter interpretation (Patrick and Evans, 1989).
A number ofmodels also have beenput forward to explain the diver-
gent trends of the Ruby and Porcupine terranes (Fig. 20). Box (1985)
suggested that the northeasterly trend of the Ruby terrane may have
pre-dated collision with the oceanic Koyukuk arc during the early
Brookian event, with the arc migrating into a pre-existing embayment
in the continental margin (Fig. 20a). This model implies a southeast-
ward direction of overthrusting of forearc oceanic terranes over the
Ruby terrane. However this direction of thrusting is inconsistent with
northwest-directed kinematics in the Ruby terrane reported by Dover
(1994) and Roeske et al. (1995).
A second model proposes that the widespread middle Cretaceous
(LM2) ductile extension and crustal thinning of earlier subductedcontinental crust (for example, Miller and Hudson, 1991) may have
caused anti-clockwise rotation of the Ruby terrane away from the
southern Brooks Range and extreme thinning of continental crust in be-
tween, resulting in the subsidence of the Yukon-Koyukuk basin
(Fig. 20b). Although this model would explain the northwest direction
of shortening in the Ruby terrane, the isotopic compositions of younger
granitic rocks intruding the basin suggest that Precambrian continental
basement is not present beneath at least the eastern Kobuk-Koyukuk
part of the basin (Arth et al., 1989).
A third model (Fig. 20c) suggests the Ruby terrane formed as an
along-strike, southwestward continuation of the hinterland metamor-
phic belt of the Brooks Range orogen (schist belt) before Arctic Alaska
was rifted away from the northern margin of North America
(Johnsson, 2000). This model calls for the Ruby terrane to have been
spalled off of the adjacent part of the orogen to the south and pushed
ahead of the rotating Arctic Alaska terrane on a southwest-trending si-
nistral strike-slip fault along the continental margin of western North
America (for example, the Porcupine fault). The reduction in space at
the core of the orocline caused a southwestward escape of the Ruby ter-
rane relative to the originally adjacent foreland thrust belt in the Porcu-
pine terrane. Evidence against this model is the northwest direction of
early Brookian shortening found in the Ruby terrane (Roeske et al.,
1995; Dover, 1994), which is the opposite of the expected direction
for this model.
The fourthmodel (Fig. 20d) is also a tectonic escapemodel that sim-
ilarly begins with the Ruby terrane forming the along strike equivalent
of the Brooks Range schist belt, but has the Ruby terrane translating
along the southern margin of the Arctic Alaska terrane while it rotated
during opening of the Canada basin. This movement would have oc-
curred along a curved dextral slip fault now buried beneath middle
and Upper Cretaceous sedimentary strata in the Kobuk-Koyukuk basin
(Till and Roeske, 2015). This model would result in a total of about
180° of rotation for the Ruby terrane, but would explain the northwest
vergence of the early Brookian kinematic indicators in that terrane.
However it predicts that the Koyukuk terrane would be repeated to
the southeast of the Ruby terrane, where it does not presently occur.
Other models not shown in Fig. 20 suggest that the Ruby terrane
composes the short limb of a continental-scale ‘Z’ fold with the Yukon
Composite terrane and southern Brooks Range forming the long limbs
(Dover, 1994; Moore et al., 1994b; Johnston, 2001). These oroclinal
bends were ascribed to deformation in a northwest-directed shear cou-
ple along the Cordilleran margin of North America in the Cretaceous
and(or) early Cenozoic. These models are discounted here because
(1) they would produce continental-scale deformation and thickening
in the cores of the oroclinal folds that are not supported by crustal thick-
ness data (Beaudoin et al., 1992, 1994) and our maps of deformation,
and (2) theywould restore the Ruby terrane to a position along the Cor-
dilleran (as opposed to Arctic) margin of North America that does not
match its history of Early Cretaceous (LM1) subduction and associated
contractional deformation.
5.2. Southern domain of deformation
5.2.1. Deﬁnition and character
The Southern domain (Fig. 19) consists of two principal tectonic
units. To the north, the Alexander-Wrangellia-Peninsular composite
terrane consists of a Mesozoic and Cenozoic volcanic arc built on older
volcanic arc terranes going back to the Neoproterozoic (Beranek et al.,
2014). To the south, the southern Alaska accretionary complex
(Chugach, PrinceWilliamand Yakutat terranes) consists of sedimentary
and igneous materials offscraped from the northwesterly underthrust-
ing (present coordinates) oceanic plate during Mesozoic and Cenozoic
time (Plafker et al., 1994b; Nokleberg et al., 2000; Haeussler et al.,
2003a). The boundary between these units is the Border Ranges fault
system, which originated as a subduction zone megathrust between
the tectonic units in the Jurassic and Early Cretaceous. This fault was
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proposed by Miller and Hudson (1991). Extreme extensional thinning between Brooks Range and Ruby terrane resulted in subsidence of Koyukuk terrane and development of Kobuk-
Koyukukbasin. Outlines showpre-rotation positions of northernAlaska (black) and Ruby terrane (red); present positions shownbyﬁlled polygons for Arctic Alaska (yellow), Ruby terrane
(pink) and Porcupine terrane (green). Light blue arrows show pre-rotation early Brookian vergence directions, whereas darker blue arrows show expected structural vergence directions
after rotation; C., Ruby terrane originated as an along-strike continuation of early Brookianmetamorphic hinterland (schist belt) adjacent to fold-and-thrust belt in Porcupine terrane and
western OgilvieMountains (WOM) (Johnsson, 2000). During rotation, Ruby terranewas pushed (escaped) southwestward by Arctic Alaska (dashed red arrow) along themargin of North
America (curved black fault) (outlines, polygons and blue arrows as in B); D., Ruby terrane originated in similar position as in panel C. During rotation, Ruby slid obliquely along southern
Brooks Range on a dextral fault, resulting in across-strike doubling-up of schist belt; Ruby terrane is rotatednearly 180° from its initial position by the combination of synchronous dextural
strike-slip and rotational opening of Canada basin; dashed outlines of northern Alaska (black) and Ruby terrane (red) show intermediate positions of the two areas after partial rotation
and dextral displacement (outlines, polygons and blue arrows as in B). See text for discussion of each alternative.
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Paleocene normal faults in the Matanuska Valley area (Little, 1990,
1992; Roeske et al., 2003a; Pavlis and Roeske, 2007).
5.2.1.1. Tectonic history of the Alexander-Wrangellia-Peninsular terrane.
The Alexander, Wrangellia and Peninsular terranes have been
interpreted as three distinct arc terranes with independent histories
prior to their progressive amalgamation (Nokleberg et al., 1994;
Plafker and Berg, 1994a; Beranek et al., 2014). Although earlier defor-
mation events are recognized in the Alexander terrane outside the
study area, the earliest event recorded in the study area is Pennsylva-
nian deformation (LP3) in the Alexander terrane (Fig. 9) in the eastern
Wrangell Mountains (Gardner et al., 1988). This deformation has been
interpreted to record partial underthrusting of the Alexander terrane
beneath an active oceanic arc (Wrangellia terrane), leading to theircollisional amalgamation (Plafker et al., 1994b; Beranek et al., 2014). Al-
though Early Permian deformation (LP4) is known in the Alexander-
Wrangellia terrane to the southeast in Canada and southeastern Alaska
(Beranek et al., 2014), it has not been identiﬁed in our map area.
Early Jurassic (EM2) deformation is known only in the Peninsular
terrane (Fig. 10), where faulting and folding beneath a Middle Jurassic
unconformity and exhumation of mid-crustal maﬁc plutonic complexes
beneath the forearc are interpreted to be linked to coeval subduction
erosion in the accretionary prism to the south (Clift et al., 2005).
Middle to Late Jurassic deformation (EM3) in the Peninsular and
Wrangellia terranes (Fig. 11) consists of two separate bivergent defor-
mational belts that parallel the boundary between the terranes. One
belt is located along the southern boundary the Wrangellia terrane
and includes the northeast-vergent Chitina thrust belt and the
penetratively deformed Strelna-Gulkana Rivermetamorphic complexes
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boundary with the Wrangellia terrane. This belt consists of the
500 km-long, southeast-vergent Bruin Bay-Little Oshetna reverse fault
system. The tectonic cause of these opposed structural belts is uncertain
but if tectonically linked, they would represent the ﬁrst deformational
episode shared by the two terranes. For this reason many authors
have suggested the deformations were caused by juxtaposition of the
two terranes, possibly along a north-dipping subduction zone, or alter-
natively, along a transpressional strike-slip boundary having an uncer-
tain sense of offset (Clift et al., 2005; Rioux et al., 2007; Amato et al.,
2013).
Early Cretaceous (LM1) deformation in the Alexander-Wrangellia-
Peninsular terrane is restricted to part of its northern ﬂank in the
Nutzotin basin in the northern Wrangell Mountains (Fig. 12). This
basin lies in a backarc position relative to Chisana arc magmatism in
the Wrangellia terrane to the south and is deformed by an Early Creta-
ceous (LM1) southwest-vergent thin-skinned fold belt that is detached
near the base of the basin (Berg et al., 1972; Trop et al., 2002; Manuszak
et al., 2007). This deformation may record either (1) the onset of colli-
sional interaction of the Alexander-Wrangellia-Peninsular terrane
with part of the margin of North America to the northeast (Manuszak
et al., 2007), or (2) a period of subduction erosion caused by north-
directed subduction along the southern margin of the Alexander-
Wrangellia-Peninsular terrane (Amato et al., 2013).
5.2.1.2. Tectonic history of the southern Alaska accretionary complex. The
Mesozoic and Cenozoic accretionary complex in southern Alaska en-
compasses all of the geologic units oceanward of the Border Ranges
fault (Chugach, PrinceWilliam, andYakutat terranes; that is, the “south-
ern composite terrane” of Plafker et al. (1994b)). These rocks were ac-
creted against the southern ﬂank of the Peninsular terrane from the
latest Triassic to the present and consist of internal packages of upper
parts of oceanic crust, covering oceanic strata, and(or) trench sediments
that were assembled between periods of subduction erosion and(or)
ridge subduction events (Haeussler et al., 2003a; Amato et al., 2013).
The oldest of the internal packages consist of units of basalt, chert,
argillite, limestone and ultramaﬁc rocks that contain greenschist- and
blueschist-facies metamorphic assemblages. Some of these rocks prob-
ably represent slivers detached from a down-going oceanic plate that
were deformed and metamorphosed during Late Triassic-Early Jurassic
(EM2) subduction (Roeske et al., 1989; Plafker et al., 1994b) (Fig. 10).
Following a period of subduction erosion between 180 and 160 Ma,
Upper Jurassic chert, argillite and tuffaceous sandstone derived from the
Jurassic volcanic arc of the amalgamated Alexander-Wrangellia-
Peninsular composite terrane (Potter Creek assemblage of the Chugach
terrane) were accreted until no later than 125 Ma (Amato et al., 2013;
Fig. 12). This accretion was followed by an episode of spreading-ridge
subduction, which was probably accompanied by subduction erosion
between 125 and 100 Ma (Pavlis and Roeske, 2007; Amato et al.,
2013). Following this, a package of volcanogenic sandstone, conglomer-
ate and shale (McHugh Creek assemblage of the Chugach terrane) was
deposited and accreted in the Cenomanian to Turonian (LM2; Fig. 13).
Later in the Late Cretaceous, a thick sequence of trench turbidite de-
posits with plutonic sources (Valdez Group of the Chugach terrane)
was progressively accreted during the remainder of the Late Cretaceous
(LM3; Fig. 14).
The Cenozoic part of the accretionary complex (Orca Group, or
Prince William terrane) lies outboard of the transpressional Contact
fault (C1; Fig. 15), but seems to represent a continuation of accretion
of turbidite deposits begun in the Late Cretaceous (Dumoulin, 1987;
Amato et al., 2013). During the Paleocene and Eocene, a ridge subduc-
tion event led to plutonism and metamorphism in the accretionary
complex (Bradley et al., 2003b), and possibly to shortening across
much of Alaska. This event was followed by a change in deformational
kinematics to transpressional tectonism that has continued into Neo-
gene time (Fig. 16; Haeussler et al., 2003b).Beginning possibly as early as 30 Ma, the Yakutat terrane, a micro-
plate composed in part of thick oceanic plateau basalts and moving
with the Paciﬁc plate, has been colliding with the accretionary prism
at the Chugach-St. Elias fault, forming a south-vergent fold and thrust
belt in the southeastern part of map area since about 10 Ma (Fig. 17;
Wallace, 2008; Pavlis et al., 2012). This collisional zone has built the ex-
tremely high topography of the St. Elias Range and is accompanied by
active seismicity. In the downgoing Paciﬁc plate to the southwest of
our map area, the microplate abruptly transitions to normal oceanic
crust at the Transition fault, producing an associated change from colli-
sional tectonics northeast of the boundary to normal subduction accre-
tionary deformation toward the southwest along the Aleutian trench
(Eberhart-Phillips et al., 2006; Finzel et al., 2011a).
5.2.2. Location of origin of southern domain structures
The oldest rocks in this domain belong to the Alexander terrane, a
Neoproterozoic and early Paleozoic oceanic arc terrane that probably
originated in proximity to the Scandinavian and Russian High Arctic re-
gion of Baltica (Gehrels et al., 1996; Soja and Antoshkina, 1997; Bazard
et al., 1995; Beranek et al., 2013a, 2013b), although an origin in eastern
Siberia has also been suggested (Blodgett et al., 2010). The Alexander
terranewas amalgamatedwith the nascentWrangellia terrane in anoff-
shore oceanic environment that lay between the paleo-Paciﬁc and
paleo-Arctic realms, during the Pennsylvanian and Permian (Beranek
et al., 2014).
Growth of the southern Alaska accretionary complex was initiated
against the intraoceanic arc of the Peninsular terrane in the latest Trias-
sic and earliest Jurassic, forming a regionally extensive arc-trench sys-
tem outboard of the Cordilleran margin of North America at a latitude
of about 25–40° in the paleo-Paciﬁc Ocean (see summary of
Nokleberg et al., 2000). Accretionary coupling or subduction erosion of
the upper plate may have produced folding and faulting and the sub-
Middle Jurassic angular unconformity in the Peninsular terrane. By the
Late Jurassic, the combined Alexander-Wrangellia terrane hadmigrated
southward into the paleo-Paciﬁc Ocean,where it was structurally juxta-
posed or stratigraphically buried beneath the Peninsular terrane
(Nokleberg et al., 2000; Trop et al., 2005; Rioux et al., 2007; Beranek
et al., 2014), forming the fully amalgamated Alexander-Wrangellia-
Peninsular composite terrane.
There is disagreement about the timing of accretion of the
Alexander-Wrangellia-Peninsular terrane, with its attached southern
Alaska accretionary complex, against continental North America (Interi-
or domain). One group, primarily working in southeastern Alaska, sug-
gested that the Alexander-Wrangellia- Peninsular terrane collided with
the North American margin in the Middle Jurassic (EM2), which was
followed by transtensional rifting and a second collision with this mar-
gin in the middle Cretaceous (LM2) (McClelland et al., 1992; Gehrels,
2001). Other workers (primarily in mainland Alaska) interpreted the
initial collision with North America as having occurred later by closure
of an intervening oceanic basin either in Early Cretaceous (Manuszak
et al., 2007), in middle Cretaceous (Ridgway et al., 2002; Trop and
Ridgway, 2007; Hampton et al., 2007, 2010), or in Late Cretaceous
(Hults et al., 2013; Box et al., 2013). From latest Cretaceous through Eo-
cene time, an enormous ﬂood of sediment, derived from the Coast Plu-
tonic Complex in British Columbia (Farmer et al., 1993), was accreted
into the southern Alaska accretionary prism, suggesting that the south-
ern Alaska accretionary complex and accompanying Alexander-
Wrangellia-Peninsular composite terrane of our study area collided
with the North American margin near to this area. Paleomagnetic data
from Late Cretaceous rocks of the composite terrane are consistent
with that interpretation (Stamatakos et al., 2001).
Much or all of the Alexander-Wrangellia-Peninsular composite ter-
rane and the southern Alaska accretionary complex may have been
translated northward into their present positions on strike-slip faults
due to Kula-North America plate interactions following subduction of
a mid-ocean ridge in the early Eocene (Plafker et al., 1994b; Nokleberg
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suggests that large-scale coastwise right-slip translation occurred earli-
er, in the Late Cretaceous and Paleocene, before ridge subduction. In this
interpretation, the Alexander-Wrangellia-Peninsular composite terrane
and the southern Alaska accretionary complexwere largely in their cur-
rent positions by the Eocene (Haeussler et al., 2003a). In this case, the
British Columbia-derived uppermost Cretaceous-Eocene turbidites
may have undergone either (1) long-distance northward axial transport
along the trench axis prior to accretion in southern Alaska (Nilsen and
Zuffa, 1982), or (2) accretion at the latitude of British Columbia and
translation with the northward-migrating oceanic plate before, during
and after ridge subduction (Roeske et al., 2003a).
Questions remain about the faults on which postulated northward
displacement of all or parts of the Southern domain occurred. Did the
displacement occur on the Denali and Tintina faults, or could it have
been distributed on these and older structures such as the Border
Ranges fault and faults within the southern Alaska accretionary com-
plex itself? (Roeske et al., 2003a).
5.3. Interior domain of deformation
5.3.1. Deﬁnition and character
The Interior domain (Fig. 19), situated between the ﬁrst two do-
mains, does not share the Paleozoic and early Mesozoic deformational
histories of the domains to the north or south. This domain includes
the large, continental Farewell and Yukon Composite terranes, and a
number of smaller terranes between them. The Farewell terrane con-
sists of a carbonate-dominated Cambrian to Early Cretaceous strati-
graphic sequence that overlies a Proterozoic metamorphic basement
(Decker et al., 1994; Bradley et al., 2014). The Yukon Composite terrane
consists mainly of polyphasemid-crustal metamorphic rocks with shal-
lowly dipping foliation that cuts or is cut by several ages of Mesozoic
granitic bodies (Dusel-Bacon et al., 2002). The intervening Livengood,
Wickersham-White Mountains, and Minchumina terranes (Fig. 4) con-
sist of differing sections of mostly poorly exposed Neoproterozoic to
Upper Paleozoic quartz-rich clastic strata, siliceous deposits, and volca-
nic rocks having disputed relations between each other and with adja-
cent terranes. The tectonic histories of these three components of the
Interior domain are summarized below.
5.3.1.1. Tectonic history of the Yukon composite terrane. The rocks of the
Yukon Composite terrane are mainly polyphase metamorphic rocks
that exhibit penetrative deformational tectonic events in the Permian
and(or) early Triassic, Early Jurassic, and middle Cretaceous. The oldest
deformational event is foundonly in the allochthonousupper part of the
terrane (that is, the YTa), mainly near the international border and may
form part of the Permian (LM4) Klondike orogen recognized to the east
in Canada (Hansen and Dusel-Bacon, 1998; Beranek and Mortensen,
2011; Dusel-Bacon et al., 2015) (Fig. 9). The top-to-the-northeast kine-
matics of this mid-crustal deformation probably resulted from west-
dipping subduction of oceanic crust of the Seventymile-Slide Mountain
ocean basin beneath an offshore Permian (260–252 Ma) magmatic arc
that was built on a microcontinental block (YTa). Most workers agree
that the microcontinental block is a Neoproterozoic and/or early Paleo-
zoic marginal facies of North America that had previously rifted away
from the Laurentian craton in the Devonian during formation of the
Seventymile-Slide Mountain ocean (Nelson et al., 2006; Mair et al.,
2006; Beranek and Mortensen, 2011; Dusel-Bacon et al., 2013). The
Permian subduction led to construction of an accretionary prism com-
posed of imbricated assemblages from the basin (included in the YTa),
and emplacement of the outboard arc and continental basement com-
plex of the YTa onto the northwestern margin of North America (that
is, YTp) in the Permian (Tempelman-Kluit, 1979; Hansen and
Dusel-Bacon, 1998; Nelson et al., 2006). Beranek and Mortensen
(2011) reported that by the Late Triassic, North American-derived clas-
tic sediments overlapped the collisional zone and on this basis,concluded the collision of the YTa with North America was completed
by the Late Triassic.
In contrast to the Permian event, Early Jurassic and middle Creta-
ceous deformations affected both YTa and YTp and thus the entire
Yukon Composite terrane (Figs. 10, 13). Until recently, the Early Jurassic
(EM2) deformation, consisting of top-to-the-northwest (i.e. coast-
parallel) mid-crustal shortening, had been attributed to closure of the
Seventymile-Slide Mountain ocean basin (for example,
Tempelman-Kluit, 1979; Hansen and Dusel-Bacon, 1998; Mair et al.,
2006), but that basin is now thought to have closed in the Permian as
discussed above. Given this re-interpretation, the tectonic setting of
the Early Jurassic deformation in the Yukon Composite terrane is disput-
ed. Dusel-Bacon et al. (2015) proposed that, following the collisional de-
formation in the Permian and early Triassic, a new east-dipping
subduction zone developed outboard (west) of the Yukon Composite
terrane and caused backthrusting that emplaced Yukon Composite ter-
rane onto North America behind a Late Triassic-Early Jurassic arc devel-
oped on the Yukon Composite terrane. Nelson et al. (2006) suggested
that Jurassic deformation was caused by accretion of outboard terranes
such as Quesnellia and Stikinia in the Jurassic. However, in Alaska the
Yukon Composite terrane is truncated by the Cenozoic Denali fault sys-
tem and key tectonic units that would support these interpretations are
missing.
The mid-Cretaceous (LM2) deformation displays top-to-the-
southeast extensional fabrics and accompanying high temperature-
low pressure metamorphism. The metamorphism and deformation
probably formed during regional extensional exhumation of the Jurassic
crustal section and lasted from ~135 to 110Ma (Pavlis et al., 1993). The
tectonic cause of the mid-Cretaceous extensional deformation of the
Yukon Composite terrane has been attributed to subduction roll-back
or backarc rifting associated with the collision of the Alexander-
Wrangellia-Peninsular composite terrane with the North American
margin in the mid-Cretaceous (Pavlis et al., 1993; Dusel-Bacon et al.,
2002, 2015). Hart et al. (2004) suggested the extension occurred within
an active magmatic arc that developed across interior Alaska during
mid-Cretaceous time.
5.3.1.2. Tectonic history of the farewell terrane. The Paleozoic andMesozo-
ic strata of the Farewell terrane overlie a metamorphic basement with
Meso- and Neoproterozoic contractional deformation (P2 and P3, re-
spectively; Fig. 6) (Decker et al., 1994; Bradley et al., 2014). The Kilbuck
terrane, which records Paleoproterozoic (P1) contractional deformation
and metamorphism as well as a Mesoproterozoic P2 event, may be a
displaced fragment of Farewell basement rocks (Bradley et al., 2014).
There is little evidence bearing on the tectonic cause of these tectonic
events, however.
The Permian Browns Fork orogen in the Farewell terrane, dated at
285Ma (LP4; Fig. 9), is interpreted as a terrane-wide collisional orogen-
ic event, with the Farewell terrane forming the lower plate of the orogen
(Bradley et al., 2003a). Recent work suggests this event may have been
driven by partial underthrusting of the Farewell terrane beneath an oce-
anic arc terrane, identiﬁed either as the Alexander-Wrangellia terrane
to the east (Beranek et al., 2014; Malkowski and Hampton, 2014) or
the Tikchik terrane to the west (Box et al., 2015).
The Farewell terrane subsided sharply from shallow to deep marine
conditions in late Early Cretaceous time (Barremian-Aptian; Patton
et al., 1980) followed by additional subsidence under a thick ﬁll of
turbiditic strata (Kuskokwim Group) in the early Late Cretaceous. The
subsidence may have taken place in foreland basin setting that was as-
sociated with coeval northwest-vergent (LM2) thrusting in the
Minchumina terrane to the east.
5.3.1.3. Deformation of intervening terranes. The tectonic histories of the
small terranes that intervene between the Yukon Composite and Fare-
well terranes (Wickersham-White Mountains, Livengood and
Minchumina terranes; Fig. 4) are bafﬂing because they are not well
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been deformed by Cenozoic strike-slip faults, and generally are poorly
exposed. Although lower Paleozoic contractional deformation (EP3) is
possible in the Livengood terrane, the primary episode of pre-
Cenozoic deformation in these terranes appears to be early Late Creta-
ceous (LM2) northwest-vergent folding and thrusting (Fig. 13)
(Dover, 1994), continuing to the southwestward in the Minchumina
terrane.
The thrusting in theMinchumina terranemay be signiﬁcant because
this terrane appears to consist of thrust imbricates of both slope facies
carbonate rocks of the Farewell terrane and clastic and siliceous and
clastic sedimentary rocks of the Livengood and Wickersham-White
Mountains terrane (Dumoulin et al., 1999; Wilson et al., 2015). Distinc-
tive lithologic characteristics suggest the clastic deposits composing
Wickersham terrane may transition into the metamorphic rocks of the
Yukon Composite terrane (Weber et al., 1985). If this interpretation is
correct, then the northwest vergent deformation in the Minchumina
terrane may indicate that the western margin of the adjacent Yukon
Composite terrane was thrust over the Farewell terrane during the
early Late Cretaceous. Such a relation is not supported by seismic refrac-
tion data in the Livengood area, however, which instead show high-
angle fault boundaries, although these may be due to younger displace-
ment on strike-slip faults related to the Tintina-Victoria Creek-Kaltag
system (Beaudoin et al., 1994). Further work is needed to conﬁrm this
important question.
5.3.2. Location of origin of interior domain structures
The structurally higher part of the Yukon Composite terrane (YTa) is
thought to have developed by rifting of the outer part of the northwest-
ern North American margin in the Devonian and Mississippian, which
resulted in the formation of a marginal basin, the Seventymile-Slide
Mountain Ocean (Nelson et al., 2006; Colpron et al., 2006). Nelson and
Colpron (2007) portrayed the Seventymile-Slide Mountain Ocean as
forming a large part of the northeastern paleo-Paciﬁc Ocean basin in
the late Paleozoic, separating the rifted, upper part of the composite ter-
rane (YTa) from the continental margin of North America. The structur-
ally lower part of the Yukon Composite terrane (YTp) is interpreted to
have composed a part of the northwestern margin of North America
that remained with North America during formation of the
Seventymile-SlideMountain Ocean. Because it has only undergone lim-
ited translation along the continental margin, this part of the terrane is
considered to be parautochthonous. A North American afﬁnity for both
parts is supported by stratigraphic, metallogenic, isotopic, and detrital
zircon data that suggest they originated in the northwestern part of
the North American margin (Nelson et al., 2006). Subsequent dextral
slip of approximately 430 km on the Tintina fault translated the com-
posite terrane into its present position straddling the U.S.-Canada inter-
national border (Nelson et al., 2006; Gabrielse et al., 2006).
The Farewell terrane has long been interpreted to have a non-
Laurentian origin based on Early Paleozoic fossil provinciality
(Blodgett, 1983; Palmer, 1985; Dumoulin et al., 2002) andmore recent-
ly because of its Precambrian igneous history and detrital zircon signa-
tures (Bradley et al., 2014). These results are supported by the detrital
zircon ages of its Paleozoic and Mesozoic clastic strata (Malkowski and
Hampton, 2014; Dumoulin et al., 2014b). Interpretations are variable
but a Precambrian and early Paleozoic origin situated near the Siberian
and Baltican cratons is generally inferredwith a late Paleozoic and early
Mesozoic history as a drifting continental fragment (Colpron and
Nelson, 2009; Malkowski and Hampton, 2014). The Permian deforma-
tional event (LP4) is interpreted as a collision with an intraoceanic arc
(Beranek et al., 2014; Malkowski and Hampton, 2014; Box et al.,
2015). Detrital zircon signatures from Permian strata (Malkowski and
Hampton, 2014) and from Early Jurassic strata (Dumoulin et al.,
2014b) do not yield deﬁnitive evidence of a change of provenance to
Laurentian sources, implying that emplacement against North America
occurred after Early Jurassic.We interpret the available data to indicate that emplacement of the
Farewell terrane against Laurentia occurred sometime between Early
Jurassic and early Late Cretaceous time (for example, 185–100 Ma),
when lower Upper Cretaceous clastic strata (Kuskokwim Group: Box
and Elder, 1992), derived in part from the Yukon Composite terrane
(Kalbas et al., 2015), overlapped the Farewell terrane. The abrupt subsi-
dence of the Farewell terrane in the Barremian-Aptian followed by the
deposition of sediments derived from the Yukon Composite terrane in
the Kuskowkim Group starting at roughly 100 Ma (Cenomanian), and
the pre-90 Ma deformation of the adjacent and partly related
Minchumina terrane may provide evidence of thrusting of the Yukon
Composite terrane onto the Farewell terrane in LM2 time.
Based on stratigraphic and structural correlations, many workers
have suggested that the Wickersham-White Mountains Livengood ter-
ranes and the adjoining Yukon Composite terrane have been translated
dextrally about 400–430 km to the northwest on the Tintina fault in the
early Cenozoic (Weber, 1990; Beaudoin et al., 1994; Dover, 1994;
Plafker and Berg, 1994a; Gabrielse et al., 2006) (Fig. 4). When restored
to their pre-dextral-offset positions, these terranes, aswell as the north-
eastern part of the Minchumina terrane, are aligned with the northern
part of the northwest-vergent, middle Cretaceous Selwyn basin thrust
belt (Mair et al., 2006) in the southern Ogilvie Mountains near Dawson
in the west-central Yukon Territories (Beaudoin et al., 1994; Dover,
1994; Gabrielse et al., 2006) (Fig. 1).
5.4. Domain boundaries
5.4.1. Boundary between Southern and Interior domains
The boundary between the Southern and Interior domains coincides
with the boundary between the Alexander-Wrangellia-Peninsular com-
posite terrane on the south and the Yukon Composite and Farewell ter-
ranes on the north (Fig. 19). Between 141°W and 146°W, the boundary
is localized along the Denali fault, an active right-lateral strike-slip fault
with an estimated 370 km of Cenozoic displacement (Lowey, 1998).
West of 146°W, the boundary veers southward away from the Denali
fault, but is mostly covered by deformed Cretaceous strata of the
Kahiltna basin. However the unexposed northwestern margin of the
highly magnetic Alexander-Wrangellia-Peninsular composite terrane
is expressed as a sharp aeromagnetic gradient with a more subdued
magnetic terrane to the northwest (Saltus et al., 1999), and that geo-
physical gradient is used here to trace the boundary under cover of de-
formed Cretaceous strata southwestward to the edge of the study area
at about 60°N, 156°W (Fig. 19).
The timing of juxtaposition of the Alexander-Wrangellia-Peninsular
composite terrane against the Interior domain at this boundary is con-
troversial in the study area. It is generally interpreted to have occurred
in the Cretaceous, although an understanding of the detailed timing
lacks consensus. South of the Denali fault in eastern Alaska, strata of
the Upper Jurassic-Lower Cretaceous Nutzotin basin were deposited
on and derived from the Alexander-Wrangellia-Peninsular composite
terrane. These strata were involved in Early Cretaceous (LM1)
southwest-vergent thrusting that has been interpreted to record the ini-
tial collisional emplacement of Alexander-Wrangellia-Peninsular com-
posite terrane against North America (Manuszak et al., 2007).
However, no North American rocks or strata derived from them are
known to be involved in this deformation, so whether the deformation
resulted from collision with the Interior domain or was due to other
causes (for example, subduction erosion in the forearc) is uncertain.
Farther west in the eastern Kahiltna basin in the Alaska Range, two
contrasting models for the timing of emplacement of the Alexander-
Wrangellia-Peninsular composite terrane against the Interior domain
have been presented, based on different interpretations of the strata of
the northeast-trending basin. Both models recognize two fundamental
sandstone petrofacies: a southeastern, quartz-poor petrofacies derived
predominately from intermediate volcanic sources, and a northern
quartz-rich petrofacies derived predominately from metasedimentary
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stonepetrofacies as being stratigraphically controlled,with older (Juras-
sic and Early Cretaceous) strata being quartz-poor strata and derived
from the Alexander-Wrangellia-Peninsular composite terrane to the
south, whereas younger (late Early to early Late Cretaceous) strata
were derived from mixed sources in both the Alexander-Wrangellia-
Peninsular composite terrane to the south and the Interior domain to
the north (Ridgway et al., 2002; Hampton et al., 2007, 2010; Kalbas
et al., 2007; Trop and Ridgway, 2007). In this model, deposition of the
sediments having amixed sediment provenance in the Early Cretaceous
marked the onset of the collision between the Southern and Interior do-
mains. Progressive east to west closure of this crustal suture has been
interpreted from deformational age constraints in this model, from
Early Cretaceous (LM1) in the east (Manuszak et al., 2007), middle Cre-
taceous (LM2) in the TalkeetnaMountains (Hampton et al., 2007, 2010)
andmiddle and Late Cretaceous (LM2, LM3) farther west in thewestern
Alaska Range (Kalbas et al., 2007).
The second model, based primarily on detrital zircon studies in the
central and western Alaska Range, interprets the two sandstone
petrofacies units as mostly coeval marginal clastic wedges that were
built out from the ﬂanking crustal blocks of the opposing basin margins
into a wide (oceanic?) basin and were later juxtaposed along a sharp
structural boundary (Hults et al., 2013; Box et al., 2013). The detrital zir-
con data indicate the two sandstone petrofacies were derived from sep-
arate sources to the north (Farewell and Yukon Composite terrane
source areas) and to the south (Alexander-Wrangellia-Peninsular ter-
rane source areas) that do not interﬁnger andwere notmixed. Mapping
shows the detrital zircon petrofacies do not form a stratigraphic succes-
sion but instead have overlapping late Early or early Late Cretaceous
ages, with the youngest strata in each petrofacies being younger than
85 Ma. The contact between the petrofacies units is sharp and approxi-
mately follows the abrupt magnetic gradient that marks the northwest
boundary of the Alexander-Wrangellia-Peninsular terrane. This bound-
ary coincides with the medial zone for the system of bivergent thrusts
that deforms Kahiltna basin, with northwest-vergent deformation in
the northwestern part of the basin and southeast-vergent deformation
in the southeastern part of the basin (Fig. 14). Plutons dated at 75–
80 Ma crosscut these structures and stitch the two ﬂanks of the basin.
These observations suggest that of the Kahiltna basin consists of two
longitudinal parts that were likely juxtaposed by structural processes
in the Late Cretaceous between about 85 and 75Ma (LM3) after deposi-
tion of the Kahiltna strata. Yokelson et al. (2015), working along strike
in Jura-Cretaceous strata of the Gravina Basin outside our study area
in southeastern Alaska, documented similar, geographically restricted,
independent petrofacies belts that are juxtaposed across a prominent
90-Ma deep crustal fault zone, slightly earlier than the time of juxtapo-
sition in the Kahiltna basin.
The kinematics of the emplacement of the Southern domain against
the Interior domain at the boundary is uncertain, and its interpretation
remains controversial. One possibility is that the boundary marks a
north-dipping mid-Cretaceous subduction zone active from about
115–90 Ma (LM2) (Trop and Ridgway, 2007). This is supported in part
by the presence of a belt of mid-Cretaceous granitic plutons north of
and subparallel to the domain boundary that has been interpreted as
convergent margin magmatism in the continental upper plate of a
south-facing arc-trench system (Hart et al., 2004). In this interpretation,
the Alexander-Wrangellia-Peninsular composite terrane, itself an active
oceanic arc above a coeval north-dipping subduction zone to the south,
was passively carried into the northern subduction zone and partially
underthrust beneath the continental terranes to the north between
about 85–75 Ma (LM3). This is supported by seismic evidence for un-
derplating of Kahiltna-like ﬂysch under the southern ﬂank of the
Yukon-Composite terrane on the north side of the boundary (Stanley
et al., 1990). However, the character of deformationwithin the Kahiltna
basinal assemblage (Hampton et al., 2007; Kalbas et al., 2007; Hults
et al., 2013; Box et al., 2013) bears little resemblance to the strataldisruption and disharmonic structures of typical accretionary com-
plexes (for example, Chugach terrane: Kusky et al., 1997a, 1997b). Al-
ternatively, the approximately coincident geophysical, sandstone
petrofacies and fold vergence boundaries suggest a sharp vertical
boundary exists within the basin, a relation that supports
transpressional displacement along that contact. However the northern
arc magmatic belt and underplated sediment along the northern ﬂank
of the boundary provide strong evidence for a component of northerly
underthrusting, indicating that the boundary may have been a
transpressional collisional boundary.
Post-collisional northward motion of the Alexander-Wrangellia-
Peninsular composite terrane is indicated by known early Cenozoic dex-
tral displacement of about 370 km on the Denali fault (Lowey, 1998)
and about 430 km of dextral displacement on the Tintina fault
(Gabrielse et al., 2006), consistent with paleomagnetic evidence for
1650 ± 890 km of northward displacement relative to North America
after 80 Ma (Stamatakos et al., 2001).
5.4.2. Boundary between Northern and Interior domains
The Northern domain is deﬁned deformational and lithological fea-
tures associated with the collision of the intraoceanic Koyukuk island
arc with the continental crust of the Arctic Alaska terrane in the Early
Cretaceous (LM1) (early Brookian orogeny). The terranes of Interior do-
main to the south lack evidence of this deformation and instead contain
Permian, Early Jurassic, andmiddle Cretaceous contractional events not
found in the Northern domain. The boundary between the domains is
located along the west-northwest-trending Early Cenozoic right-
lateral Tintina fault east of 147.6°W (Fig. 19), and roughly follows
other Early Cenozoic faults farther west. At 147.6°W, the Tintina fault
bends to a southwesterly trend and apparently continues farther west
as the Early Cenozoic Victoria Creek dextral(?) fault (Dover, 1994;
Gabrielse et al., 2006). Between 152-153°W, the Victoria Creek fault
bends into the Early Cenozoic dextral Kaltag fault, and the Northern-
Interior terrane boundary jumps southward under Quaternary cover
to the Early Cenozoic(?) Poorman fault (Patton et al., 2009). Farther
west at about 154.5°W, the boundary jumps south from the Poorman
fault (location A, Fig. 19) south-southwest to the Early Cenozoic dextral
Iditarod fault (location B, Fig. 19). In the area between the faults,
Cenomanian-Turonian Kuskokwim Group strata overlap the boundary
between ATI of the Northern domain and the Farewell terrane of the In-
terior domain (Patton et al., 1980), indicating their juxtaposition oc-
curred before at least 100 Ma. However the tectonic character of that
pre-100 Ma boundary is unknown. The boundary follows the Iditarod
fault west to about 159°W, where the fault bends to the south. West
of 159°W, the position of the boundary is uncertain, but is placed in
Fig. 19 under Kuskokwim Group cover between the Goodnews terrane,
which shares the deformation history of the Northern domain, and the
Togiak terrane, which does not record that deformation. Alternatively,
the boundary may lie east of the Togiak terrane, which has afﬁnities
with the colliding Koyukuk arc terrane of the Northern domain.
Even if the full 400–450 km of Early Cenozoic displacement estimat-
ed for the Tintina fault continues to the west of the bend at 147.6°W,
restoration of such displacement does not clarify the pre-Late Creta-
ceous relations across the domain boundary.
5.5. Late Cretaceous and Cenozoic deformation
5.5.1. Late Cretaceous (LM3) deformation
Late Cretaceous deformation overprints rocks across southern and
western Alaska from the Paciﬁc margin to the south ﬂank of the Brooks
Range; deformation of this age in the Brooks Range is not apparent.
Much of the deformation is thin-skinned and localized within early
Late Cretaceous deep-water clastic basins. Shortening directions are
generally northwest-southeast, but arcuate fold trends are also present
in the northeastern Kobuk-Koyukuk and southwestern Kuskokwim ba-
sins. The distribution, character and kinematics of LM3 deformation
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rigid basement blocks of the region. The detachments for this deforma-
tion, although locally in basement, mostly occur within the thick Creta-
ceous basins of western Alaska.
The synchroneity of this deformation with the emplacement of the
oceanic Alexander-Wrangellia-Peninsular composite terrane against
the earlier assembled continental terranes of Alaska (andCanada farther
south) suggests the widespread deformation north of the domain
boundary may be in response to this collisional event. Besides consoli-
dating the crust of southern and interior Alaska, this event ended ma-
rine deposition across most of Alaska from the Brooks Range to the
Alaska Range.
5.5.2. Early Cenozoic (C1) deformation
Early Cenozoic deformation across Alaska can be divided into three
general belts with distinct characteristics: a southern area of accretion-
ary deformation in the Paciﬁc margin forearc, a central area of relatively
gentle folding with generally northeasterly trends, and a northern area
of north-directed, thick-skinned thrusting with a frontal zone of thin-
skinned detachment folding.
Several important regional tectonic events are associated at least
temporally with C1 deformation and are probably related to it. Subduc-
tion of an oceanic spreading ridge occurred at the Paciﬁc margin be-
tween 60 and 51 Ma (Bradley et al., 2003b). Prior to ridge subduction,
magmatism associated with Paciﬁc subduction extended northward
nearly to the Brooks Range, caused by low-angle subduction of the oce-
anic Paciﬁc plate (Moll-Stalcup and Arth, 1989). During the C1 deforma-
tional period, large-scale dextral displacement occurred in the central
and southern areas on the South Fork (Roeske et al., 2003b), Tintina
(Gabrielse et al., 2006), Kaltag (Patton et al., 1994b), Denali (Lowey,
1998; Ridgway et al., 2002) and Border Ranges (Pavlis and Roeske,
2007) faults and may have occurred on others. Counter-clockwise
vertical-axis rotation of western Alaska west of about 148°W also oc-
curred during this time period, as indicated by paleomagnetic data
(Hillhouse and Coe, 1994).
Thewide expanse of C1 deformation across Alaska, coupledwith the
large amplitudes and long wavelengths of the folds between the Alaska
Range and the Brooks Range, suggests that any decollement underlying
the folds in interior Alaska was located deep in the crust. To the north,
seismic refraction data show that the Mount Doonerak antiform is de-
tached at a depth of ~30 km and that this level of detachment extends
southward (Fuis et al., 1995, 1997). Fuis et al. (2008) proposed that
the decollement extended southward across all of interior Alaska and
ultimately rooted in the early Cenozoic subduction zone in southern
Alaska. Across much of this extent, the northward contraction may
have beenmodiﬁed by northwest-trending dextral translation, produc-
ing the northeast-trending, low-amplitude, longwavelength arches and
a broad zone of oblique shortening in central Alaska. The level of detach-
ment ramped upwards to the north, producing a thick-skinned style of
deformation in the Brooks Range and a thin-skinned style of deforma-
tion farther north in the Colville basin, probably due to the inﬂuence
of mechanically stronger crust in Arctic Alaska (Fuis et al., 2008).
The shortening may have been driven by continued shallowing of
the underthrust Paciﬁc oceanic plate prior to and during ridge subduc-
tion, forcing southern Alaska northward (for example, Oldow et al.,
1990). The east-directed deformation seen in Ogilvie Mountains in
east-central Alaska and to the east in Canada at this time is inconsistent
with this general model, but could reﬂect local changes in strain pat-
terns due to interaction with the cratonal crust of North America that
underlies this area.
5.5.3. Middle and Late Cenozoic (C2 and C3) deformation
Middle Cenozoic (Oligocene) to Recent deformation in Alaska is
dominated by ﬂat-slab subduction beginning in the Oligocene and cul-
minatingwith the collision of the thicker crust of the Yakutatmicroplate
at 6–5 Ma (Plafker, 1987; Eberhart-Phillips et al., 2006; Enkelmannet al., 2008; Pavlis et al., 2012; Van Avendonk et al., 2013; Bauer et al.,
2014; Finzel et al., 2015). In southern Alaska, subduction of the Yakutat
terrane has resulted in two arcuate belts: a southern belt of thin-
skinned thrusts, and a northern belt of thick-skinned, transpressional
thrusts and folds from the Alaska Range to Cook Inlet. The northern
belt is associated with the northwestward translation of the eastern
part of the Peninsular-Wrangellia-Alexander terrane along the Denali
fault in the Oligocene (Trop et al., 2004; Benowitz et al., 2011, 2012),
whereas the southern belt is the collisional orogen (St. Elias orogen)
caused by oceanic plateau crust in the Yakutat microplate as it enters
the Aleutian subduction zone (Plafker, 1987).
The entire region from the St. Elias Range to the Denali Fault can be
viewed as consisting of semi-independent continentalmasses or forearc
slivers rotating counterclockwise about a pivot point nearMontague Is-
land (“the southern Alaska block” of Haeussler (2008); “Wrangell
block” of Jadamec et al. (2013); see also Freymueller et al. (2008) and
Finzel et al. (2011b)). The rotational motion is driven by the ﬂat-slab
subduction and collision of the Yakutat microplate with North
America, causing right slip along the Denali fault to the north, extensive
uplift and exhumation in the central Alaska Range adjacent to the fault,
and oblique-slip deformation between the Alaska Range and Cook Inlet
(Jadamec et al., 2013). The transpression may not deform local areas
having strong crust such as in the Talkeetna and Tordrillo Mountains,
but these areas could form blocks that are carried along by the rotation,
causing contraction in intervening areas havingweaker crust (for exam-
ple, the Susitna basin). The transpressional structures in Cook Inlet area
may represent tectonic extrusion toward the southwest, away from the
area of rotation (Haeussler, 2008).
The underthrusting and collision of the Yakutat microplate may also
be the cause of late Cenozoic north-vergent thrusting in the onshore and
offshore portions of the northeastern Brooks Range (Grantz et al., 1987;
Grantz et al., 1990a; Grantz and May, 1983; Moore et al., 1994b;
Mazzotti and Hyndman, 2002). At regional scale, the deformed area
there appears to be bounded to the west by a north-trending zone of
left-lateral seismicity in Camden Bay and to the east by a zone of
right-lateral seismicity in the Richardson Mountains and Mackenzie
Valley in the Yukon Territories (Grantz et al., 1987; Page et al., 1991;
Mazzotti and Hyndman, 2002). These zones of seismicity may mark
tear faults that form the limits of an aerially extensive wedge of low-
magnitude north-vergent convergent deformation that straddles the
U.S.-Canada border.6. Synthesis–a fundamental boundary between terranes derived
from the northern and from the western margins of North America
In the Paleozoic and early Mesozoic, generally west-facing passive-
margin deposits extended around the northwestern corner of Laurentia
from its western margin into the Arctic realm (Fritz et al., 1991; Gordey
et al., 1991;Miller et al., 2013). Although Paleozoic collisional beltswere
present farther north (Ellesmerian belt) and south (Antler and Sonoma
belts in the western United States, and the Klondike belt in western
Canada), the region where Alaska is located today was underlain by
an oceanic plate (for example, Nokleberg et al., 2000; Nelson and
Colpron, 2007; Plafker and Berg, 1994a). Thus, much of the northwest-
ern promontory of North America that today forms Alaska and extends
into the Russian Far East, bridging the region between Alaska and Sibe-
rian continent, was assembled where previously there was a middle
Mesozoic and(or) older oceanic basin.
The deformational history of Alaska provides a record of the assem-
bly of the continental crust that forms the Alaskan promontory. In the
Northern domain, terranes retain a record of latest Jurassic to Early Cre-
taceous early Brookian deformation. Although there remains some
doubt about the precise mechanism of formation of the Canada Basin
and the original paleogeographic conﬁguration of the Arctic, most
workers agree that all of these terranes were moved into the present
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and seaﬂoor spreading processes that formed the Canada Basin.
The terranes in the Southern and Interior domains, on the other
hand, mostly lack the deformational characteristics of the Northern do-
main and instead contain evidence of deformational events not found in
the Northern domain. In the Interior domain, these events include
Permian collisional events, Early Jurassic contractional deformation,
and middle Cretaceous folding and thrusting. Some of these terranes
contain evidence of origin along the northern margin of Baltica
and(or) Siberia, whereas others are thought to have formed as outboard
parts of Laurentia. Nonetheless, all have been transported northward on
Cenozoic faults (for example, the Tintina and Denali faults) from Late
Cretaceous positions along thewesternmargin of North America. Docu-
mented amounts of displacement on the Tintina andDenali faults, along
with paleomagnetic data and detrital zircon age patterns from early Ce-
nozoic deposits in the southern Alaska accretionary complex, suggest
that it and the adjoining Alexander-Wrangellia-Peninsular composite
terrane (the Southern domain) were located at the latitude of British
Columbia in the Late Cretaceous or perhaps even farther south (for ex-
ample, Garver and Davidson, 2015). Most workers agree that the Interi-
or domain was displaced northward from an intermediate Late
Cretaceous position by about 430 km of dextral displacement on the Ce-
nozoic Tintina fault, although larger amounts of displacement also have
been proposed on the basis of paleomagnetic data (for example, Irving
et al., 1996; Mahoney et al., 2000).
The contrast in the deformational histories and Early Cretaceous and
younger displacement paths of the Northern domain with those of the
Interior and Southern domains suggest that a signiﬁcant boundary ex-
ists between the Northern and Interior domains. This boundary is one
of themost important tectonic features in Alaska as it marks the bound-
ary between terranes associated with the Arctic and the Cordilleran
margins of North America andmay contain clues to the relationship be-
tween those margins. The present boundary coincides with parts of the
Tintina, Victoria Creek, Poorman and Iditarod dextral strike-slip faults,
but there is little or no contractional deformation associated with the
parts of the faults that coincide with the boundary. These faults are in-
stead Cenozoic faults that apparently are superposed across an underly-
ing primary structure of Early or middle Cretaceous age. Although the
primary boundary diverges from the locations of the Cenozoic faults in
a few places, it is overlapped by Upper Cretaceous Kuskokwim Group
strata and the nature of the pre-Late Cretaceous boundary has not
been determined and remains obscure.
The accretionary history of the Farewell terrane may provide a clue
to understanding the nature of this earlier boundary. Box et al. (2015)
proposed that the Farewell terranewas tied to the Tikchik terrane, pres-
ently located to the southwest, in the Permian. The Tikchik terrane in
turn forms part of the basement of the Mesozoic Togiak arc terrane,
which shares an igneous and deformational history with terranes of
the Northern domain (Box, 1985; Decker et al., 1994). Patton et al.
(1994b) noted the similarities between the Koyukuk and ATI terranes
and the Togiak and Goodnews terranes, respectively, to the south. Al-
though not deﬁnitive, these interpretations suggest the possibility that
there may be an along-strike connection between the Farewell terrane
and the upper plate arc terrane of the Northern domain, even though
it lacks deﬁnitive evidence of early Brookian (LM1) deformation.
If a tie between the Farewell terrane and the Northern domain
proves valid, then the boundary of the Farewell terrane with the
Yukon Composite terrane to the eastmay represent the primary bound-
ary between the terranes derived from the Arctic and those derived
from western North America and the paleo-Paciﬁc. In this case, the
northeast-trending belt of northwest-directed mid-Cretaceous contrac-
tion (LM2) that intervenes between the Farewell and Yukon Composite
terranes in the Livengood,Minchumina, andWickersham-WhiteMoun-
tains terranes (Fig. 13) could represent shortening along the boundary
between the Farewell and Yukon Composite terranes and a link be-
tween the tectonics of the Northern and Interior domains.When considered together, the structural and stratigraphic data sug-
gest three general terrane migration pathways for the terranes that
compose the Alaskan promontory, all of which can be traced back to
starting points in the vicinity of Baltica (Fig. 1). In the Northern domain,
western parts of the Arctic Alaska terrane in the western Brooks Range
and Seward Peninsula consist of Neoproterozoic crustal rocks that have
crystallization ages and Nd model ages that link them to Baltica (Miller
et al., 2011). Detrital zircon U-Pb age spectra from overlying lower Pa-
leozoic rocks (Amato et al., 2009, 2014; Till et al., 2014; Moore, 2010)
and faunal data (Dumoulin et al., 2014a) suggest that deposition of
these rocks occurred between Laurentia, Siberia and Baltica during the
Ordovician (Dumoulin et al., 2014a). These rocks are positioned south-
west (modern coordinates) of the area of the Devonian Romanzof
orogen in the northeastern Brooks Range, indicating they may have
comprised part of the plate that collided with the northern margin of
North America in Devonian, creating the combined Ellesmerian-
Romanzof orogenic belt (Moore, 2010). The opening by rifting of the
Canada basin in the Early Cretaceous resulted in an oblique sundering
of these elements in the western part of the collisional zone such that
part of Laurentia and the adjoining Devonian collisional zone were sep-
arated and rotated into their present positions, along with the Baltic af-
ﬁnity plate, forming the composite Arctic Alaska terrane. Thus, the
migration of the southwestern part of Arctic Alaska had a two-part his-
tory that occurred in the Eurasian high Arctic north of its present day lo-
cation (Fig. 1, pathway 1).
The migration pathway for the Alexander-Wrangellia-Peninsular
terrane (that is, Southern domain) was quite different from that of the
Northern domain. The oldest rocks of the Southern domain are in theAl-
exander terrane and may have formed along the margin of Baltica
(Fig. 1, pathway 2). From there, it drifted into the paleo-Paciﬁc where
it collided with the Wrangellia terrane in the Pennsylvanian at moder-
ately low paleo-latitudes (Soja and Krutikov, 2008; Beranek et al.,
2013a, 2013b; Butler et al., 1997) and amalgamatedwith the Peninsular
terrane and its ﬂanking southern Alaska accretionary complex in the
Middle Jurassic (Clift et al., 2005; Trop and Ridgway, 2007). Collision
with North America occurred at moderate paleolatitudes by the Late
Cretaceous and was followed by northward translation on dextral
strike-slip faults in the Late Cretaceous and Cenozoic (Plafker and
Berg, 1994a; Nokleberg et al., 2000).
The Farewell terrane also originated near the Siberian and Baltican
cratons, and even possibly formed part of the same microplate as the
southwestern part of the Arctic Alaska terrane in the lower Paleozoic
(Bradley et al., 2014; Dumoulin et al., 2014b). Its travel path is poorly
constrained, but it seems to have drifted as a continental fragment in
the paleo-Paciﬁc, arriving at themargin of North America sometime be-
tween the Early Jurassic and Late Cretaceous. Its landing site against
North America (Yukon Composite terrane) was originally south of its
current position because it has been displaced northward ~400 km on
the adjoining Tintina fault in the Early Cenozoic (Fig. 1, pathway 3).
The Yukon Composite terrane, along with the Livengood and
Wickersham-White Mountains terranes (and correlative parts of the
Minchumina terrane), are generally regarded as originating along the
northern part of the Cordilleranmargin of North America (for example,
Dover, 1994; Gabrielse et al., 2006). Although the allochthonous part of
the terrane (i.e., YTa) was rifted away from the North American margin
in the Devonian, it evidently returned to about same location from
which it rifted in the Permian (for example, Colpron et al., 2015)
(Fig. 1, pathway 4). Northward translation on the Tintina fault followed
in the Early Cenozoic.
Viewed in this way, important parts of Alaska appears to consist of
terranes that were dispersed from the general vicinity of northern
Baltica in the middle Paleozoic and accumulated in Alaska along at
least three different travel paths. Not all Baltic-derived terraneswere ac-
creted to Alaska. Grove et al. (2008) interpreted a similar origin for
Sierran-Klamath terrane in northern California, indicating that the dis-
persal event may have been signiﬁcant to much of the Cordilleran
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derived from adjacent parts of northwestern North America or formed
during transit. Nonetheless, the out-of-Baltica dispersal of crustal frag-
ments appears to have been an early tectonic process that culminated
in the assembly of Alaska. The cause of the dispersal of Baltic-related ter-
ranes is uncertain but has been attributed to (1) development of a
Scotia-style subduction system in the oceanic region between Laurussia
and Siberia in theDevonian (Colpron andNelson, 2009) or (2) Devonian
rifting and opening of the Angayucham and Slide Mountain oceans
along the northern margin of Laurussia (Beranek et al., 2013b, 2014).
7. Conclusion
We have constructed maps showing the distribution, structural
style, and kinematics of contractional and penetrative extensional struc-
tural deformation in Alaska north of 60°N in a series of time intervals.
Alaska comprises the northwestern promontory of North America and
was formed by the accretion of terranes having a variety of deforma-
tional histories. The maps delineate deformations that occurred at
their sites of origin prior to their dispersal by rifting or other processes,
during their travel paths to Alaska, at the time of their assembly in
Alaska, and following their amalgamation with the Alaskan
promontory.
The maps show that Alaska consists of three regional deformational
domains that record contrasting origins and travel paths. Each domain
includes a crustal fragment that may have been derived from Early
Paleozoic Baltica. The Northern domain is characterized by Late Jurassic
and Early Cretaceous arc-continent collisional deformation (the early
Brookian orogeny) that probably occurred along the northern margin
of North America and was subsequently transported to its present loca-
tion by rift-related processes to Alaska during the opening of the Canada
Basin in the late Early Cretaceous.
The Southern domain consists of a series of mainly magmatic arc
complexes that coalesced through time into the laterally extensive
Alexander-Wrangellia-Peninsular terrane. This terrane nucleated
along themargin of Baltica or Siberia in the late Proterozoic and traveled
through the paleo-Paciﬁc Ocean, growing by magmatic and structural
additions which involved in deformation in the Early Pennsylvanian,
Middle Jurassic, Late Jurassic, and Early Cretaceous, before being accret-
ed to the western margin of North America in the middle and/or Late
Cretaceous. This domain also includes the southern Alaska accretionary
complex, which began to be developed on the southern margin of the
terrane (present coordinates) in the Late Triassic and Early Jurassic
and remains the site of active subduction, accretion and collision
today. During the Late Cretaceous and (or) Paleogene, the arc and accre-
tionary terranes were translated by right slip along the western margin
of North America into their current positions in southern Alaska.
The third domain occupies an interior position to the other two and
consists primarily of terranes that have stratigraphic and compositional
characteristics indicative of origin as part of the western margin of
North America (Yukon Composite, Wickersham-White Mountains,
Livengood, and part of Minchumina). Rifting and formation of the
Seventymile-Slide Mountain ocean basin in the Mississippian followed
by its closing in the Permian along part of this margin is recorded in
the Yukon Composite terrane. The western part of the Interior domain,
however, consists of the large Farewell terrane, which differs from the
other terranes in this domain by having a non-North American origin.
The Farewell terrane displays evidence of Early Permian tectonism
that is distinct from the Late Permian tectonism of the Yukon Composite
terrane. Linkage between the two terranes by 100 Ma is suggested by
Cenomanian sediment shed from Yukon Composite terrane into the
Kuskokwim basin, where it is deposited on Farewell terrane.
The boundaries between the three domains are some of the most
important tectonic features in Alaska. The boundary between the South-
ern and Interior domains is covered by deformed remnants of the Jura-
Cretaceous deep-water Kahiltna basin. However, controversy exists asto whether this boundary represents Cretaceous closure of an oceanic
basin, or Cretaceous collapse of a transtensional rift basin developed
on an middle Jurassic oceanic suture. Although interpretations of the
timing and structural signiﬁcance of the closure event between the
Southern and Interior domains remain controversial, culmination of de-
formation along that boundary is clearly constrained to early Late Creta-
ceous time (85–75 Ma). This juxtaposition is coeval with widespread
Late Cretaceous northwest-southeast shortening across much of west-
ern Alaska, suggesting that, whatever its exact nature, the structural
juxtaposition of the oceanic Peninsular-Wrangellia-Alexander terrane
with the continent had signiﬁcant impact far into the continent.
The boundary between the Northern and Interior domains is in-
ferred to mark the juxtaposition of terranes that were derived from
the northern margin of North America (for example, were affected by
the Brookian orogeny) and terranes that were derived from, or whose
travel paths went through, the western margin of North America. This
boundary has no known associated deformation to mark this juxtaposi-
tion, although its western part is overlapped by earliest Late Cretaceous
(Cenomanian) strata of the Kuskokwim basin. The boundary mostly co-
incides with prominent dextral-slip faults in Alaska including the
Tintina and related faults, suggesting the entire Interior domain
underwent northward transport along the western margin of North
America on the Tintina fault system in the Paleogene. The observed
Cenozoic displacements of these strike-slip faults, however, appear to
be inadequate to restore the Farewell terrane and to explain the south-
ward termination of Northern domain structures.
Paleogene deformation across Alaska is complex, ranging from ac-
cretionary deformation in the forearc, gentle northeast-trending folds
and arcuate dextral strike-slip faults in the interior, and east-west,
north-directed folds and thrusts in the Brooks Range and North Slope.
This state-wide deformation implies that the structures are linked by
anunderlying detachmentwithin the crust that extends from the Paciﬁc
subduction zone to the North Slope. Low-angle subduction associated
with subduction of an oceanic spreading ridge at the Paciﬁc margin
may have been the driving tectonic force but the convergence may
have been inﬂuenced by contemporaneous dextral slip displacements
along the Cordilleran margin of North America.
Neogene shortening is most signiﬁcant in the eastern part of south-
ern Alaska, where contractional deformation is centered in two related
arcuate belts: a southern belt of thin-skinned thrusts associated with
the surﬁcial expression of the subduction of the oceanic plateau crust
of the Yakutat terrane, and a northern belt of thrusts and folds associat-
ed with northwestward displacement of the eastern block of the
Peninsular-Wrangellia-Alexander terrane along the Denali fault. The
entire region from the St. Elias Range to the Denali Fault may consist
of semi-independent slivers and blocks rotating counterclockwise be-
cause of the ﬂat-slab subduction and underthrusting of the Yakutat mi-
croplate, causing right slip along the Denali fault to the north, extensive
uplift and exhumation in the central Alaska Range adjacent to the fault,
and oblique-slip deformation between the Alaska Range and Cook Inlet.
Neogene deformation in northeasternmost Alaska forms the frontal part
of an aerially extensive wedge of north-vergent convergent deforma-
tion that straddles the U.S.-Canada border and extends to the north
into the Beaufort Sea.
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